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Purpose

On several occasions spanning the late 1970s, 1980s and early 1990s, the North Dakota
Department of Health conducted air quality modeling assessments that showed potential
violations of the federal and state Prevention of Significant Deterioration (PSD) 24-hour
increment for sulfur dioxide at state PSD Class I areas.  On all of these occasions, Federal Land
Managers for the Class I areas certified that anticipated emissions from major sources would
not have an adverse impact on Air Quality Related Values (AQRVs), including visibility
impairment, in the Class I areas.

The PSD sulfur dioxide increments are numeric thresholds of allowable deterioration of
ambient sulfur dioxide concentrations subsequent to the PSD minor source baseline date, which
for western North Dakota is 19 December 1977.  For the 24-hour averaging period, the PSD
Class I area  increment is 5 ug/m3, not to be exceeded more than once per year.

The Department’s most recent modeling assessment was conducted in 1999.  The Department
prepared a draft report describing air quality modeling to determine whether a proposed major
modification to the Milton R. Young Station near Center, North Dakota, would comply with the
PSD Class I area increments.  The modeling, which used permit allowed three-hour emission
rates for sulfur dioxide rather than actual emission rates, also showed exceedances of the PSD
Class I 24-hour increment for sulfur dioxide.

By late 2000, the U.S. Environmental Protection Agency (EPA) insisted that the Department
revise its State Implementation Plan to correct the PSD increment exceedances.  In a 13 March
2001 letter, the Department indicated it would proceed to determine whether exceedances of the
PSD Class I increment for sulfur dioxide would occur when modeling with a revised protocol
that included adjusted emission rates.  Later that same month (28 March 2001), EPA wrote:
“We acknowledge that the State needs to refine the modeling analysis to better determine
appropriate control strategy(ies) to address the violations, ...” 

In May 2002, the Department conducted a fact-finding hearing pertaining to draft legal analyses
of issues relating to the federal Clean Air Act, to EPA’s PSD rules, and to its draft reports that
describe a new PSD baseline emissions assessment and a new modeling assessment of PSD
increment consumption.  The Department completed the modeling and conducted the hearing as
a periodic review pursuant to 40 CFR 51.166.  Apparently, no state has ever conducted a
periodic review of PSD increment consumption assessment outside of New Source Review
(NSR).

The Department’s (hereafter State’s or State) proposed PSD baseline sulfur dioxide emissions
and air-quality computer modeling protocol are, respectively, exhibits 4 and 6 in the docket of
exhibits for the State’s hearing conducted 6 May 2002.  EPA has described its concerns
regarding the State’s application of modeling in a document titled “EPA Comments on North
Dakota Department of Health’s Proposed Determination Regarding the Adequacy of the SIP to
Protect PSD Increments for Sulfur Dioxide.”  EPA’s document, which is dated 24 May 2002, is
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1  The record of the hearing remained open for comments through 24 May 2002. “Findings and
Conclusions” of the State Health Officer, North Dakota Department of Health, were issued 8 August
2002.

2  In a 25 June 2001 letter, EPA responded with comments. (Exhibit 17.)  The State’s protocol as
in exhibit 8 addressed those comments; for example, the State used five years of weather data rather than
one year as proposed in its 2 April 2001 protocol.  Several other changes to the State’s protocol
subsequently occurred as it closely reviewed aspects of the protocol, including “actual emissions”,
“baseline concentration,” and emissions of minor sources.

3

The purpose of this document is to
provide information, to clarify
differences between the State’s
computer modeling protocol and
EPA’s preferred modeling protocol,
and to respond to apparent EPA
misunderstanding of aspects of the
State’s protocol. 

This document does not provide a
new State assessment of the
deterioration of ambient sulfur
dioxide concentrations subsequent
to the PSD minor source baseline
date; such deterioration is
commonly stated as consumption of
PSD Class I area sulfur dioxide
increments. 

exhibit 57.  EPA also provided testimony during the State’s hearing. 1 (Exhibit 35 as well as
pages 40 through 126 in the hearing transcript, which is exhibit 48.) 

The State has reviewed EPA’s exhibit 57.  This
exhibit, as well as exhibit 8, reveal EPA’s
discretionary preferences in application of its
guidance as well as the guidance of other federal
agencies.  Many of the State’s comments are
indexed to numbers assigned to each paragraph in
exhibit 57.  A copy of exhibit 57 with inserted
paragraph indexing numbers in left margins is
attached. 

The State’s review of EPA’s exhibit 57 follows. 
The review does not address parts II, VII and VIII of
this exhibit.  The review, which addresses parts I,
III, IV, V and VI, reflects the State’s legal research,
but does not describe the State’s legal conclusions. 
The legal aspects of PSD issues have been addressed
by the State in other documents, such as exhibits 2
and 32 in the docket of exhibits for the State’s
hearing.

Part I:  OVERVIEW

The crux of EPA’s concerns apparently are reflected in paragraph 8 on page 4 of exhibit 57. 
Specifically: “On April 2, 2001, we received the modeling protocol from the State.  The
protocol was not acceptable to EPA because the State did not demonstrate that the protocol
would be at least as protective of air quality as a protocol developed pursuant to longstanding
EPA regulation and guidance for determining [PSD] increment consumption.” 2  (a citation
omitted and acronym inserted)  Continuing in paragraph 9 on page 5: “When we could not
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3  EPA’s report was released on 5 March 2002 for public comment.  The comment period closed
29 April 2002.  The State provided comments on EPA’s report in a letter dated 29 April 2002. (Exhibit
27.)

4

reach agreement with the State on the modeling approach, EPA performed its own modeling.” 
EPA’s modeling is exhibit 8 in the docket of exhibits for the State’s hearing. 3

The State has known that its application of computer modeling would challenge several of
EPA’s historical precepts that form the basis for its preferred modeling protocol.  The State
believes that:

a. Law and rule create the foundation for application of modeling, such as the
definitions for “baseline concentration” and “actual emissions”;

b. When law and rule are not prescriptive in application of modeling to assess
attainment of PSD Class I increments, it has used its discretion in ways that
reflect known federal agency guidance and that are reasonable, practical and
defensible applications of science and engineering; 

c. Its approach provides information as to whether current ambient sulfur dioxide
concentrations in PSD Class I areas are greater than or less than respective
baseline concentrations for those areas; 

d. Its modeling protocol facilitates calculation of best estimates of deterioration or
improvement in ambient sulfur dioxide concentrations within PSD Class I areas
(a.k.a. tracking PSD increment consumption); and 

e. Its modeling protocol provides Department of Interior’s (DOI) federal land
managers with the information they need to assess air quality impacts on AQRVs
in PSD Class I areas. 

In summary, the State’s believes that its approach is consistent with the federal Clean Air Act,
State and EPA rule, EPA preambles associated with published PSD rules and salient aspects of
guidance offered by EPA and the federal agencies that are responsible for managing natural
resources of PSD Class I areas.

The State’s computer modeling protocol (as in exhibit 6) deviates from EPA’s preferred
modeling approach (as in exhibit 8) in seven fundamental aspects. 

a. No prior modeling assessment of consumption of PSD Class I increments for
Class I areas in the state included comprehensive emissions inventories.  EPA
did not include the oil and gas production wells and some major sources.  The
State developed comprehensive inventories of emitted sulfur dioxide for both
PSD baseline and current period, which included oil and gas production wells. 
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At several places within exhibit 57,
such as paragraph 14 on page 7,
EPA notes that the State can “...
demonstrate that the State’s
techniques are more appropriate ...”
than its modeling guidelines and
that EPA has “... the authority to
approve another technique if it can
be demonstrated to be more
appropriate than those
recommended in the Modeling
Guidelines.”  The State presumes
that the reference to “Modeling
Guidelines” includes the 1980 and
1990 New Source Review workshop
manuals, as well as EPA’s
Guideline on Air Quality Models.

b. EPA rigidly set normal operation as occurring during the two years preceding the
sulfur dioxide minor-source baseline date.  Consistent with discretion described
by EPA regarding application of rule for calculating “actual emissions” so as to
determine “baseline concentration,” the State evaluated the operation of most
major sources and selected a two-year period after the PSD minor-source
baseline date as more representative
of some sources’ normal operations
than the two-year period preceding
the baseline date. 

c. EPA did not calculate sulfur dioxide
emissions per rule defined “actual
emissions,” but instead determined
90th percentile rates.  Consistent with
rule, the State determined sulfur
dioxide “actual emissions” for each
major source as the rate expressed as
an annual average during that
source’s operation, such as pounds
per operating hour or grams per
operating second.  This approach was
used for each major source operating
around PSD baseline and for each
source operating during the current
period.  

d. EPA did not calculate a “baseline concentration” for each Class I area. 
Consistent with law and rule, the State determined a “baseline concentration” for
the 3-hour and the 24-hour averaging period for each PSD Class I area by
modeling an inventory of sulfur dioxide emitted by baseline sources. 

e. EPA’s approach does not provide total cumulative concentrations due to current-
period sulfur dioxide emissions.  Consistent with data needed by Federal Land
Managers, the State determined current-period concentrations for all 3-hour and
the 24-hour averaging periods for each PSD Class I area by modeling a current-
period inventory of emitted sulfur dioxide. 

f. EPA’s approach does not provide information as to whether current-period
concentrations have deteriorated or improved relative to the “baseline
concentration”.  In the State’s modeling approach, the second-highest 24-hour
sulfur dioxide concentration occurring within a Class I area during the PSD
baseline (the “baseline concentration”) is subtracted from all (e.g., 365) 24-hour
sulfur dioxide concentrations occurring within that area during the current period
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(present time line).  A difference greater than the PSD Class I area 24-hour
increment of 5 ug/m3 is an exceedance (or violation). 

g. EPA predicated PSD increment consumption tracking by receptor without regard
to geometric scales for AQRVs.  Consistent with geometric scales of sulfur
dioxide impact via deposition and visual impairment, the State predicated PSD
Class I increment consumption tracking – the deterioration or improvement in
ambient sulfur dioxide concentrations – upon a statistical average (a.k.a. mean)
of concentrations occurring at model receptors within a PSD Class I area.

The observations that follow elaborate on these and other aspects of the State and EPA
modeling protocols and are extracted from exhibits 6, 8 and 57 as well as several other exhibits
in the docket for the State’s hearing.  A list of testimony and exhibits received during the
State’s hearing and comment period is attached. 

Part II:  GENERAL OBSERVATIONS

Regarding – EPA’s primary guidance documents

1. This evaluation of aspects of application of air quality modeling protocols is based in
part on EPA’s discussion in preambles associated with PSD rules published in Federal
Registers (FRs) and on three EPA guidance documents.  The guidance documents are:

a. “Prevention of Significant Deterioration – Workshop Manual” dated October
1980.  On page ii, EPA states: “Because this manual tends to condense the basic
regulations, it may not precisely reflect the regulations and preamble thereto
announced in the Federal Register on August 7, 1980 (see CFR 52676).  Should
there be any apparent inconsistency between this manual and the regulations
published on August 7 (including any policy decisions made pursuant to those
regulations), such regulations and policy decisions shall govern. 

b. “New Source Review Workshop Manual – Prevention of Significant
Deterioration and Nonattainment Area Permitting.”  DRAFT, October 1990.  In
the Preface, EPA states: “This document was developed for use in conjunction
with new source review workshops and training, and to guide permitting officials
in the implementation of the new source review (NSR) program.  It is not
intended to be an official statement of policy and standards and does not
establish binding regulatory requirements; such requirements are contained in
regulations and approved state implementation plans.”

c. “Appendix W to [40 FR] Part 51 – Guideline on Air Quality Models.”  In section
1.a, EPA states: “The guide is not intended to be a compendium of modeling
techniques.  Rather, it should serve as a basis by which air quality managers,
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This document presents
several questions and
suggests several data
and air quality model
performance analyses
related to apparent
suppositions about
predicted air quality
concentrations  (such as
gradients across PSD
Class I areas), the
baseline concentration,
tracking air quality
deterioration and model
performance.

supported by sound scientific judgement, have a common measure of acceptable
technical analysis.”

Regarding – discretion in modeling

2. In 1980, EPA stated: “Before a PSD permit can be granted, the applicant must
demonstrate that neither the National Ambient Air Quality Standard (NAAQS) nor an
allowable PSD increment will be violated as a result of the emissions ... subject to PSD
requirements.” (1980 Prevention of
Significant Deterioration Workshop Manual,
page I-C-1.)  In 1990, EPA similarly stated:
“The main purpose of the air quality analysis
is to demonstrate that ... emissions ... will not
cause or contribute to a violation of any
applicable NAAQS or PSD increment.”
(Draft 1990 New Source Review Workshop
Manual, page C.1, emphasis added.)  

3. EPA established the pathway of discretion
through interpretive rule preambles for rules
and through guidance.  It refers to aspects of
its modeling protocol as in exhibit 8 as
conservative. (Paragraph 9 on page 5 of
exhibit 57.)  It characterizes exhibit 8 as
follows: “This study represents what EPA
believes to be a reasonable, but not necessarily the most conservative, methodology to
assess the status of Class I increment consumption in North Dakota ...  We believe this
approach also best meets the intent of the increment modeling – to characterize the
potential for increment violations under realistic emissions and meteorology
conditions.” (Page 1 of exhibit 8, emphasis added.)

4. In contrast to paragraphs 2 and 3 above, a risk tolerance for a violation of a PSD
increment is inherent when models are used to determine “best estimates” of sulfur
dioxide concentrations.  Due to lack of techniques to quantify accuracy and uncertainty
of air quality models’ estimated (a.k.a. predicted) concentrations for use in decision-
making by air quality program administrators, EPA recommends: “For the present,
continued use of the ‘best estimate’ is acceptable and is consistent with Clean Air Act
requirements.”  (40 FR 51, Appendix W, section 10.2.)

Regarding – existing ambient sulfur dioxide

5. Demonstrations of attainment of NAAQS or tracking of consumption of PSD increments
parallel exposure risk assessments.  Specifically, such demonstrations include three
elements: characterization of sulfur dioxide emissions, the atmospheric transport and
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4  The time lines for start up of major sources are provided in table 4 on pages 29 and 30 in
exhibit 11.
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fate of those emissions, and characterization of PSD Class I area receptor exposures. 
The three elements are not mutually exclusive.  Together, these elements comprise an
air quality modeling protocol. 

6. Many sulfur dioxide emitting sources are located in central and western North Dakota,
and some sources are located in eastern Montana and southern Saskatchewan.

a. In North Dakota, major sources constructed and operating prior to 7 August
1977 (the PSD minor-source baseline date for sulfur dioxide) were coal-fired
electric steam-generating plants, natural gas processing plants, oil refineries and
a charcoal briquette plant.  Some major sources were retired after the minor
source baseline date.  Other major sources were constructed after 6 January 1975
(the PSD trigger date) such as coal-fired electric steam-generating plants, natural
gas processing plants and a coal-fueled synthetic natural gas plant.

b. In North Dakota, numerous minor sources – oil and gas production wells – were
placed into operation prior to the PSD minor source baseline date.  Subsequently, 
many were shut down, and many have been constructed and placed into
operation. 

c. The sulfur dioxide emissions of the oil and gas production wells dominated the
ambient sulfur dioxide in the state’s PSD Class I areas during the 1980s. 4 

7. Across North Dakota in general, and in the state’s PSD Class I areas in particular,
ambient concentrations of sulfur dioxide are a fraction of the NAAQS. (Exhibit 34 in the
hearing docket.)  The 24-hour sulfur dioxide NAAQS is 365 ug/m3, not to be exceeded
more than once per calender year.  Ambient concentrations of sulfur dioxide are not
known at or preceding the PSD minor-source baseline date, which is 19 December 1977. 

a. Modeling data suggest that the second-highest 24-hour sulfur dioxide
concentration at PSD baseline in the South Unit of Theodore Roosevelt National
Park (TRNP) may have ranged between 7.0 and 9.5 ug/m3 and in the North Unit
between 17.2 and 21.5 ug/m3, plus a background concentration. (Exhibit 52.)  

b. Deterioration of ambient 24-hour sulfur dioxide concentrations in a PSD Class I
area exceeding 5 ug/m3 on two or more days per calender year – after the PSD
minor-source baseline date – potentially is a violation of the federal CAA.

Regarding – modeling protocol change
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5  When all other aspects of a modeling protocol remain the same, then the highest or second-
highest short-term predicted ambient concentrations occur during the same weather events irrespective of
time constant emission rates input to the model.

9

8. The State’s PSD air-quality modeling protocol has evolved since 1977, when PSD was
amended into the federal Clean Air Act (CAA).  The protocol used by the State in
exhibit 6 contains several adjustments from prior State PSD-regulatory applications of
models.  Representations of source sulfur dioxide emissions have changed as shown in
figure 2 attached – increment-expanding and increment-affecting emissions were first
included in 1999.  The models of choice have changed as shown in tables 6 and 8 in the
State’s exhibit 11 – the State began using a mesoscale model in 1981.  Only one year of
weather data was used during the late 1970s and early 1980s – thereafter, the weather
data was expanded to five years.  And, model receptors were added at places of higher
terrain on perimeters of the state’s PSD Class I areas.

9. Since early 2000, EPA has alleged deficiencies in the State’s modeling protocol for
assessment of PSD Class I increment consumption. (For example, exhibit 17.)  The
current choice of model, which is Calpuff, is not central to EPA’s concerns. (Exhibit 57,
paragraph 4 on page 3 and paragraph 71 on page 30.)  Furthermore, EPA prefers the use
of the five years of weather data as applied by the State. (For example, paragraph 67 on
page 28.)  Thus, EPA concerns apparently relate to the State’s representations of sulfur
dioxide emissions (as model input) and the State’s representations and interpretation of
model predicted ambient sulfur dioxide concentrations (from model output).

Regarding – the Calpuff model

10. The Calpuff model is a time-variable, Lagrangian model that is accepted for predicting
ambient sulfur dioxide concentrations at distances from sources of 200 kilometers or
more. (Exhibit 29.)  The model requires temporal (time variable) and spatial (location
variable) weather data.  It can accept temporal emission rates (mass per unit time) of
sulfur dioxide from multiple sources at disperse locations. (Exhibit 7.)  

a. Emissions rates – such as the permit maximum short-term allowed rate, the 90th

percentile of sequential 24-hour averaged Continuous Emission Monitoring
(CEM) data and the annual hourly average of CEM data during operating hours –
are not time-sequential inputs to the model, but rather constants that are applied
24/7 in modeling. 5 

b. The actual sulfur dioxide emitted by multiple sources during a sequential 3-hour,
or 24-hour, time block likely does not concurrently arrive at PSD Class I areas
during one of subsequent sequential time blocks.   Emitted sulfur dioxide is time
integrated as well as spatially dispersed, because sources are not co-located and
winds vary temporally and spatially.
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11. The Calpuff model is capable of predicting ambient sulfur dioxide concentrations at a
place due to emissions of multiple sources that reasonably correlate with measured – but
unpaired in time – ambient concentrations at that place. (Appendix B of exhibit 6.)  As
shown by the State’s Calpuff performance assessment, the highest model-predicted
short-term concentration occurring during the year compares favorably (within a factor
of two) with the highest measured concentration occurring during that year; similarly
the second highest, third highest, etc. (Id., figure 2 on page 64.)

a. EPA acknowledged the State’s performance test. (Paragraph 72 on page 30, and
pages 11-16 of exhibit 8.)  And, it also noted that performance results are
unpaired in time. (Page 11 of exhibit 8.) 

b. The Calpuff model is not capable of predicting ambient sulfur dioxide
concentrations at the model’s receptors that are reasonably correlated when
paired in time with measured (a.k.a. monitored) ambient concentrations, in spite
of the time-dependent emissions data and weather data used as input to the
model. (Appendix B of exhibit 6 and pages 348 through 350 of exhibit 48.) 

Part III:  MODELING PROTOCOL CONSTRUCTION

Regarding – “baseline concentration”

12. The State’s rules at North Dakota Administrative Code (NDAC) 33-15-15-01.2.b and 
01.4.e state that emission increases or reductions cannot contribute to air pollution in
violation of any applicable, allowable increase over the “baseline concentration” in any
area.  “Baseline concentration” is defined at NDAC 33-15-15-01.1.d.  (Variance
provisions for exceedances of increments are at NDAC 33-15-15-01.4.j.(4).) 
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Illustration of salient computer-modeling protocol issues discussed in Parts II, III and
IV of this document. 

Apples to apples calculation of air quality deterioration: for example, when Rc minus Rb  or  Gc
minus Gb is greater than 5 6,  an  exceedance of the 24-hour increment occurs.

Current period emission rates and current period concentrations (Rc or Gc).

Necessary for 
calculating cumul-
ative effects of
emissions from all
sources on ambient
concentrations

Receptor grid

 By Receptor  Grid Ave.

90th percentile rate
(all hours)   EPA 3

annual average rate 5

(op. hours)
  Rc   Gc

   

Baseline period emission rates and baseline concentration (Rb or GB).

Receptor grid

 Peak 1  Grid Ave. 2

90th percentile rate 4
(all hours) 

 EPA 3

annual average rate 5

(op. hours)
 Rb  Gb

1 Highest second-highest time-blocked average among all receptors on the grid.
2 Second highest time-blocked grid average.
3 EPA did not model current period or baseline period major-source emission rates; instead, it
modeled changes in rates from baseline to current period.  And, it did not model minor source
emissions. 
4 Actual time dependent emission rate data are not available during the baseline period.
5 Required per rule definition of “actual emissions.”
6 The PSD 24-hour increment for sulfur dioxide is 5 ug/m3.
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6  The baseline precepts in this paragraph are not included in the subsequent draft manual that is
titled “New Source Review Workshop Manual” dated October 1990.  The State’s rules at NDAC 33-15-
15-01.g.(1).(a, c & d) describe preconstruction air quality monitoring.  

12

a. EPA’s 40 FR 51 Appendix W (Guideline on Air Quality Models) was first
published in 1978.  Exhibit 14, which was the most recent version of this
guideline at the time of the State’s May-2002 hearing, does not mention the
CAA or rule requirements to determine the PSD “baseline concentration.”  In
fact, a word search revealed that the term “baseline concentration” does not
occur in this guideline. 

b. EPA provides the rule definition for “baseline concentration” in paragraph 42 on
page 20.  It also states that “PSD regulations also require that baseline
concentration be determined by establishing the ambient concentration level
which exists in the baseline area at the time of the minor source baseline date.”
(Paragraph 43 on page 20 [emphasis removed] of exhibit 57; see also paragraph
31 on page 15 and paragraphs 35 and 36 on pages 16 and 17.)  EPA also states:
“... the baseline concentration is the reference point for determining air quality
deterioration in an area.” (Draft 1990 New Source Review Workshop Manual,
page C.6.)

c. The State conducted ambient monitoring of sulfur dioxide prior to the PSD
minor source baseline date, which is 19 December 1977. (Exhibits 20 and 21.)
However, no monitors were located within PSD Class I areas at that time.  Later,
EPA determined that the monitoring method and data were unreliable (45 FR
No. 154, page 52,724); thus, there are no ambient sulfur dioxide data until 1979-
1980, when a new method was deployed.

d. Regarding existing ambient concentrations determined from preconstruction
monitoring data, EPA states: “Having collected and screened the data, the
[permit] applicant should integrate the results of the monitoring in the air quality
analysis.  The amount of data and the manner of presentation in the application
depend on the requirements of the permit-granting authority.  At a minimum, the
data should be presented in a summary format showing highest and highest,
second-highest concentrations for pollutants with short-term standards ...  The
concentrations effectively describe the existing ambient concentration within the
impact area attributable to actual emissions from existing sources.” 6 
(Prevention of Significant Deterioration – Workshop Manual.  EPA, OAQPS,
RTP.  October 1980.  Pages I-C-22 and 23.) 

e. However, EPA apparently concluded that the short-term highest or highest
second-highest concentration in a PSD Class I or Class II area – per paragraphs b
and d above – is not needed when calculating future deterioration or
improvement in ambient sulfur dioxide.  In 1980, EPA states – without
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7  “Baseline concentration is the adjusted ambient concentration ...  The baseline concentration
also includes projected emissions of major sources commencing construction before January 6, 1975 but
not in operation as of the [PSD minor source] baseline date.  Conversely, increment consumption is, in
general, that portion of ambient air concentration in an area which results from: 1.  Emission[s] ... at
major stationary sources resulting from construction that began after January 6, 1975, and 2.  Emission
increases and decreases at all [other] stationary sources occurring after the [PSD minor source] baseline
date.  In general, increment consumption and expansion are based on actual emissions.  However, if little
or no operating are available, as in the case of permitted emissions units not in operation at the time of
increment analysis, the allowable emission rate must be used.” (Prevention of Significant Deterioration –
Workshop Manual.  EPA, OAQPS, RTP.  October 1980.  Page I-C-3.  Words inserted.)

8  Based upon the data – for major sources – shown in table 3-4 of exhibit 8, EPA’s calculated
baseline 24-hour emission rates totaled 21,072 pounds per hour, current-period 24-hour emission rates
totaled 52,525 pounds per hour and increment-affecting 24-hour emission rates totaled 31,453 pounds per
hour.  (The State could not reproduce EPA’s current-period 24-hour emission rates in this table.)  Based
upon the data in table 3-6, the increment expanding emission rates of PSD baseline sources that ceased
operation after the PSD minor source baseline date totaled 2,576 pounds per hour (253 grams per second). 
However, the numbers for the retired sources are not 90th percentile 24-hour emission rates, but are annual
averaged rates.

13

explanation: “[s]ince ... [PSD air quality assessments] can be made without
knowing the baseline concentration, the need to determine baseline concentration
is often not very important.” 7  (Id., page I-C-4, words inserted.)  In 1990, EPA
states – also without explanation: “... in order to determine the amount of PSD
increment consumed (or the amount of available increment), no determination of
the baseline concentration needs to be made.  Instead, increment consumption
calculations must reflect only the ambient pollutant change attributable to
increment-affecting emissions.” (Draft 1990 New Source Review Workshop
Manual, page C.10.) 

Regarding – modeling of emissions

13. EPA’s preferred protocol does not predict ambient sulfur dioxide concentrations in PSD
Class I areas.  Instead, EPA determines changes in ambient concentrations by modeling
the changes in major-source emission rates that occurred after the PSD minor-source
baseline date. (Exhibit 48, page 49, and exhibit 8, page 17.)  EPA did not include minor
sources of sulfur dioxide. (Exhibit 48, page 46.)  In order to determine sources’
emission rate decreases or increases, EPA has to first establish the emission rate of each
source for sulfur dioxide (1) around PSD baseline and (2) preceding the date of concern.
8 (Table 3-4 in exhibit 8.)  The modeling of the emission rate decreases or increases
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9 Section 1.a in EPA’s Guideline on Air Quality Models states: “The Guideline recommends air
quality modeling techniques that should be applied to State Implementation Plan (SIP) revisions for
existing sources and to new source reviews, including prevention of significant deterioration (PSD).”
[citations omitted]   Paragraph 9.1.2 (k) indicates that SIP control strategies and PSD and NAAQS
compliance demonstrations should follow tables 9-1 and 9-2, respectively.  Neither table describes use of
changes in emission rates in modeling.
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yields one set of data that are changes in ambient sulfur dioxide concentrations. 9  EPA’s
protocol requires these assumptions:

a. The model’s predicted ambient concentrations over Class I areas are linear with
respect to the sulfur dioxide emission rates of the sources. 

b. Its modeling produces the same result in predicted changes in sequential time-
blocked ambient sulfur dioxide concentrations at each of the model’s receptors
in PSD Class I areas as would calculating changes using the results of modeling
of each source emission inventory.   And, the background concentration due to
distant and other sources has not changed since PSD baseline.

c. The stack characteristics, such as temperature and flue gas speed, of major
sources at PSD baseline were the same as stack features during current-period
emissions. 

d. The modeling of the increment expanding emission rate of a retired baseline
source (pages 30 and 31 of exhibit 8) reduces sequential time-blocked sulfur
dioxide concentrations at PSD Class I area receptors that mirror concentrations
due to an increment consuming emission rate of identical magnitude.  (Increment
expanding emissions are negative numbers per footnote number 1 for table 3-5
of exhibit 8.  A similar footnote was not included with table 3-6.)

Apparently, assumptions a and b above applied at the time (1980 and 1990) of EPA
guidance when short-range (less than 50 kilometers), steady-state models were used. 
EPA did not demonstrate that the two assumptions hold true using its Calpuff protocol.
(Exhibit 8.)  The State’s  protocol avoids the presumption that the two assumptions hold
true for mesoscale air quality modeling analyses, and its protocol provides the flexibility
to use source stack characteristics at PSD baseline when such information is available. 

EPA provides an illustration of its PSD increment methodology as figure 4 of exhibit
57.  Apparently, the illustration represents the results of EPA’s modeling protocol at a
receptor in a state PSD Class I area.  The Y-axis, labeled “Increment Consumption
(ug/m3)”, has a scale from 0 to 15.  The illustration only displays amounts of daily
deterioration in sulfur dioxide concentrations since all data are 0 or larger.  Net
improvements in sulfur dioxide concentrations due to inclusion of the six increment-
expanding sources would be represented as negative deterioration; and, the Y-axis scale



D
  R
  A
    F
     T

10  EPA subsequently abandons the first two of these emissions inventories as well as determining
baseline concentration. (1990 draft New Source Review Workshop Manual, page C.10.)
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The State’s protocol is consistent
with EPA’s 1980 Prevention of
Significant Deterioration –
Workshop Manual.  When
performing a PSD air quality impact
analysis, EPA indicated that the
permit applicant should, among
other tasks, “compile an emissions
inventory” and “determine existing
air quality.” (Page I-C-25.)

would have a scale ranging from a value less than 0 to 15.  The six sources are not co-
located with increment consuming sources.  A question is: Does EPA’s
figure 4 demonstrate that the changes (deterioration) in
sulfur dioxide concentrations due to increment consuming
emissions (page 27 of exhibit 8) offset changes
(improvement) in sulfur dioxide concentrations due to
increment expanding emissions in every instance (each 24-
hour averaging period)?

14. The State’s  protocol for projecting ambient sulfur dioxide concentrations in PSD Class
I areas applies the Calpuff model to the sulfur dioxide emitted from minor and major
sources (1) around the PSD minor-source baseline date and (2) preceding the date of
concern (a.k.a. current period).  Thus, the State determines inventories of source
emissions of sulfur dioxide first around PSD baseline and second preceding the date of
concern.  (All other inputs to the model are the same for projecting the ambient
concentrations in PSD Class I areas.)  Upon applying the model to the two emissions
inventories, the State consequently has two
sets of model output data – one representing
the ambient concentrations for sulfur dioxide
at the PSD baseline and the other
representing concentrations for the current
period.  The two sets of concentration data
are used to determine the improvement or
deterioration in ambient sulfur dioxide over
PSD Class I areas. 

a. The State’s two source inventories
encompass the three inventories
described by EPA in 1980. The first
is an inventory of existing sources contributing to existing ambient air quality,
the second is an inventory of sources permitted to operate but not yet
operational, and the third is an inventory of emissions that affect increment. 10 
(Id, pages I-C-27 and 28.) 

b. The State’s modeling of the two emissions inventories is performed with the
same meteorological data driver (e.g., Calmet) and the same model receptor
network.  Thus, the concentration data in the two data sets are temporally and
spatially consistent.
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11  The two data sets reflect all changes in emitted sulfur dioxide after PSD baseline.  In paragraph
34, EPA states: “Increment consumption calculations must reflect only the ambient pollutant
concentration changes attributable to increment-affecting emissions. 51"  EPA’s footnote 51 refers to its
1990 Draft New Source Review Manual.  In paragraph 38, EPA explains why its approach is preferable
over the alternative of modeling the two source emissions inventories when it states “... there is
insufficient historical information on many of the sources in the State’s inventory to reliably determine
baseline concentrations.”  Nevertheless, EPA assumes source characteristics (stack flue gas temperature,
etc.) were the same at PSD baseline as during the current period.  And, it calculates PSD baseline
emission rates, which are required to calculate changes in rates. (Exhibit 8, table 3-4.) 
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c. Changes in major-source sulfur dioxide emissions after the PSD baseline –
historically referred to as increment-affecting or increment-expanding – can be
calculated; but, such changes are not input for the model. 

d. The two data sets can be used to calculate the ambient pollutant change
attributable to increment-affecting and increment-expanding emissions. 
Specifically, the two data sets can be used (i) to mimic EPA’s protocol – by
calculating the change in ambient sulfur dioxide concentration for each
sequential time block (reflecting respective short-term increments) for each
model receptor – or (ii) to determine the deterioration, or improvement, in
ambient sulfur dioxide concentrations from a “baseline concentration”
concurrent with the PSD minor source baseline date as described elsewhere in
this document. 11 

Regarding – emissions inventories and “actual emissions”

15. EPA’s letter of 1 February 2000 encouraged the State to review major-source and
minor-source emission inventories for sulfur dioxide. (Exhibit 17)  In this instance,
minor sources are oil and gas production wells of western North Dakota.  Historically,
the representation of sulfur dioxide emitted by these sources in application of modeling
changed as shown in figures 2 and 3 attached. 

a. Historical modeling protocols, which modeled only changes in emitted sulfur
dioxide, did not include the sulfur dioxide emitted around the PSD baseline
minor source baseline date. (Figure 2 attached.)  For example, EPA’s calculated
PSD baseline 90th percentile 24-hour emission rates for major sources totaled
21,072 pounds per hour, current-period 24-hour emission rates totaled 52,525
pounds per hour and increment-affecting 24-hour emission rates totaled 31,453
pounds per hour. (Table 3-4 of exhibit 8.)  In addition, the rates for sources that
ceased operation after the PSD baseline totaled 2,576 pounds per hour (253
grams per second); however, the numbers for the retired sources are not 90th

percentile 24-hour emission rates, but are annual averaged rates. (Table 3-6 of
exhibit 8.) 
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12 In exhibit 8, EPA states: “The current EPA modeling does not include emissions, either
increment expanding or increment consuming, from these sources.  EPA intends to incorporate NDDH’s
revised oil and gas emissions inventory, if available, into the final modeling analysis.” (Footnote 7 on
page 17. )

13 The State has undertaken additional review of PSD-baseline emissions of minor and major
sources per Findings and Conclusions of the 6 May 2002 hearing. 

17

When discussing baseline
emissions, EPA states: “To
determine baseline concentration,
EPA’s regulations require the use of
actual emissions.” (Exhibit 57,
paragraph 42.)   “The definition of
actual emissions requires that actual
emissions as of a particular date
shall equal the average rate at which
the unit actually emitted ...” (Id,
paragraph 43.)  EPA does not
explain why it applies
this definition to
retired PSD baseline
sources and not to other
sources.

b. As EPA notes in paragraphs 17 through 20 on pages 8 through 10 of exhibit 57,
cycling of oil and gas production activity likely resulted in a cycling – increase
followed by decrease –  of ambient sulfur dioxide; thus, likely causing the rise
and decline in ambient sulfur dioxide concentrations during the1980s at the site
of the monitor in the Theodore Roosevelt National Park-North Unit. 

c. EPA does not discuss calculation of emission rate increases or decreases for
minor sources. 12  (Paragraph 46 on pages 21 and 22 and paragraphs 58, 59 and
60 on pages 25 and 26 of exhibit 57.)  Calculation of an emission rate change for
each oil and gas production well subsequent to PSD baseline is impractical due
to the numerous number of such sources. 

d. The State did review the sulfur dioxide emissions of major and minor sources. 13 
(Exhibits 4 and 6.)  The State’s modeling protocol is its first inclusion of
comprehensive inventories of emitted sulfur dioxide around the PSD minor-
source baseline date and preceding the date of concern.

16. “EPA believes any increment analysis should follow the same methodology for
determining [sulfur dioxide] emissions in the base year as in the current year,
particularly where like data are available, as
is the case here ...  If different methodologies
were used to determine emissions for the
base year and the current year, comparing the
two data sets would produce inappropriate
conclusions ...” (Page 23 of exhibit 8, words
inserted.) 

a. For the increment-expanding sources
that were retired after the PSD minor
source baseline date, EPA used an
annual average rate previously
calculated by the State. (Exhibit 8,
pages 30 and 31.)  The State
subsequently revised emission rates
for some baseline sources. (Exhibit
4.)
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14  Since the May hearing, the State has examined calibration of the 30S factor in the AP-42
method with current period CEMS data and believes that the 30 can justifiably be revised for some units
of baseline power plants.
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b. For major sources constructed after the PSD major source baseline date, EPA
used 24-hour emission rates that reflect the ambient concentration averaging
time of the PSD Class I area 24-hour increment. (Exhibit 57, paragraphs 27 and
28.)  EPA chose the 90th percentile of 24-hour averaged CEM sulfur dioxide
emission rates for the current-period emissions of major sources. (Exhibit 57,
paragraph 29 and exhibit 8, pages 17 through 28.)  

c. For major sources in operation before the PSD major source baseline date EPA
also used 24-hour emission rates that reflect the ambient concentration averaging
time of the PSD Class I area 24-hour increment.  It again chose the 90th

percentile of 24-hour averaged CEM sulfur dioxide emission rates for the
current-period emissions of major sources. (Paragraph 29, and exhibit 8, pages
18 and 19.)  

i. Then, it transposed the ratio of the 90th percentile 24-hour rate to the
annual average rate from current-period emissions to an annual rate for
baseline emissions so as to estimate the 90th percentile of baseline 24-
hour rates. (Exhibit 8, pages 22 through 24.)

ii. EPA used EPA’s AP-42 method for calculating PSD baseline sulfur
dioxide emissions. (Exhibit 8, pages 22 through 24.)  The State also used
the AP-42 method. 14 (Exhibit 4.)   However, the State did not calculate
90th percentile rates for baseline emissions.

d. The emission rates of minor sources must be expressed as time-averaged rates. 
The State’s protocol provides apples-to-apples emission rates for major and
minor sources expressed as annual averages as shown in figure 1 attached so as
to avoid inappropriate increment-consumption conclusions.  Presentation of
modeling protocol results as in figure 4 attached would reveal likely
contributions of minor and major sources to ambient sulfur dioxide.

Regarding NAAQS compliance assessment.  The State compared 90th percentiles of
actual sulfur dioxide emissions to annual average emissions during operating hours.
(Exhibit 33, tables 3 and 5b.)  The hourly sums of source concurrent actual emissions
exceeded the sum of major-source annual averaged emissions during operating hours
only 26.4 percent of all hours. (Id., page 3.)  And, the 90th percentile of hourly sums of
source concurrent actual emissions exceeded the sum of major-source annual averaged
emissions during operating hours by only 7.72 percent. (Id., table 5b
[41,925.7/38,921.9].)
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Regarding PSD increment-consumption assessment.  EPA believes that the State’s
approach of calculating an annual average sulfur dioxide emission rate reflecting
operating hours “significantly” underestimates increment consumption. (Exhibit 57,
paragraphs 27 and 29.)  The heat-input capacities of the combustion systems of the coal-
fired electrical generation units (tables 1 and 2 of exhibit 33) constrain worst-case sulfur
dioxide emissions.  Therefore, the worst-case hourly CEM emission rates, such as the
99th percentile, likely remain similar when an operator increases the utilization of a
system heat-input capacity. (See figures 5, 6 and 7 attached.)  However, the 90th

percentile, 50th percentile and the annual average of hourly emission rates become less
similar – trending to larger values and, respectively, to larger differences – as operators
increase the utilization of rated, maximum heat-input capacities.  As a consequence,
EPA’s method of estimating 90th percentile baseline emission rates likely underestimates
these rates when utilization of combustion capacity has increased from PSD baseline to
current period or overestimates these rates when utilization of capacity has decreased.

Regarding model performance.  Correlation of predicted ambient concentrations with
field monitored concentrations must be assessed by performance testing of the Calpuff
model.  While the State concludes that an annual emission
rate averaged during operating hours is necessary due to
the definition for “actual emissions” and regulatory
history (Exhibit 2.), performance tests of model protocol
have not been completed so as to demonstrate that EPA’s
90th percentile rates would result in better correlation
with monitored concentrations. (Additional discussion provided elsewhere
in this document.)

17. “EPA is concerned that the baseline emissions estimates prepared by the State overstate
the level of baseline emissions.” (Exhibit 57, paragraph 41.)  At FR 45, page 52714,
EPA explained the scope of discretion when applying the definition of “actual
emissions”:  “An actual emissions policy, however, does allow air quality impacts due
to production rate increases to sometimes be considered as part of the baseline
concentration.  If a source can demonstrate that its operation after the baseline date is
more representative of normal source operation than its operation preceding the baseline
date, the definition of actual emissions allows the reviewing authority to use the more
representative period to calculate the source’s actual emission contribution to baseline
concentration.  EPA thus believes that sufficient flexibility exists within the definition
of actual emissions to allow any reasonably anticipated increases or decreases genuinely
reflecting normal source operation to be included in the baseline concentration.”
(emphasis added)  Column two on page 52718, FR 45, states: “The two-year period of
concern should generally be the two years preceding the date as of which increment
consumption is being calculated, provided that the two-year period is representative of
normal source operation.  The reviewing authority has discretion to use another two-
year period, if the authority determines that some other period of time is more typical of
normal operation than the two years preceding the date of concern.”  (emphasis added)
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15  Rules or EPA guidance offer no clues to sorting the fraction of the existing highest second-
highest ambient sulfur dioxide that may represent consumption of a PSD increment.
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a. In exhibit 57, EPA interprets the scope of discretion originally provided in its
Preamble for 1980 PSD rules. (Paragraphs 43 and 44, see also page 21 of exhibit
8.) 

i. Specifically, EPA believes that its 1990 Draft New Source Review
Workshop Manual, as well as letters dated before and after 1990, limits
the discretion to “catastrophic occurrences such as strikes, retooling,
industrial accidents and other major catastrophic occurrences.” (For
example, page A.39 of this manual.)

ii. Based upon NDAC 33-15-15-01.1.d, EPA claims that “it is inappropriate
for the State’s final increment modeling analysis to include increases
after the minor source baseline date.”

iii. However, the baseline concentration is an “adjusted ambient
concentration” due to timing of the construction and commencement of
the operation of stationary sources preceding the PSD minor source
baseline date. (Prevention of Significant Deterioration – Workshop
Manual.  EPA, OAQPS, RTP.  October 1980.  Page I-C-3.)

iv. Furthermore, preconstruction monitoring data for ambient sulfur dioxide
represent existing emissions.  A State rule states: “With respect to any ...
air contaminant ... the [pre-application] analysis must contain continuous
air quality monitoring data gathered for purposes of determining whether
emissions of that air contaminant [due to a new major source or major
modification] would cause or contribute to a violation of the standard or
any maximum allowable increase.” 15  (NDAC 33-15-15-01.g.(c), words
inserted.) 

b. The State gives deference to EPA’s 1980 federal register’s guidance on
application of “actual emissions” when determining “baseline concentration”. 
The State’s selections of post-PSD-baseline two-year periods for normal
operation for some sources are consistent with that FR guidance. The State
provided a thorough discussion of assessment of normal operations for each
baseline source. (Exhibit 4.)  The baseline sources included coal-fired electric
steam-generating plants, two natural gas processing plants, two oil refineries and
a charcoal briquette plant.  “In determining normal operations, the Department
decided that actual pollutant emissions should not be a direct factor in the
decision process.  Production rates appear to be the factor which defines normal
operations.” (Id., page 12.)
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16  Conceptually, the maximum number of exceedances of the PSD 24-hour increment is the
product of 365 (or 366) and the number of receptors in the model’s receptor network.  When increment
exceedances occur, adding more receptors increases the potential for more exceedences. 
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The State also assembled design and 2000-2001 operating data for each of the 13
coal-fired electric-generating units in the state. (Tables 1 through 4 in exhibit
33.)  Ratios of annual heat-input (from coal data) to rated heat-input capacity for
years 1975 through 2000 are illustrated in figures 5, 6 and 7 attached.  (These
ratios do not represent actual time trends of emitted sulfur dioxide, unless other
factors such as coal sulfur, combustion systems and emission control systems
were steady-state .)

i. Time trends for the heat-input ratios for PSD baseline coal-fired electric-
generating units are shown in figures 5 and 6.  The State considered
utilization of heat input capacities during years 1978, 1979 and 1980 after
the minor source baseline date (19 December 1977) in determinations of
normal operations, as well as utilization preceding the baseline date. 
Utilization of heat-input capacity during these three years increased for
some sources and decreased for others.  For those sources for which such
utilization increased, the State selected a two-period after 1977 from
among the three years as more representative of normal operations. 
Those sources were Leland Olds Station-Unit 2, GRE Stanton Station-
Unit 1, and Milton R. Young Station-Units 1 and 2. (Exhibit 4, page 78.)

ii. Time trends for the annual ratios for sources constructed after the “major
source baseline date” are shown in figure 7.  These sources were not
operating and emitting sulfur dioxide at the PSD minor source baseline
date.

Regarding – tracking changes in short-term ambient concentrations

18. EPA’s preferred modeling protocol does not include calculation of the “baseline
concentration” for each PSD Class I area.  Instead, EPA compares model-predicted
changes in ambient sulfur dioxide concentrations for each sequential time block at each
model receptor to the corresponding PSD Class I increment (for example, figure 4 of
exhibit 57). 16  These changes in concentrations were obtained by modeling changes in
the sulfur dioxide emission rates of major sources. 

Each model-predicted change in ambient sulfur dioxide concentration rests on an
unspecified concentration at PSD baseline – for every sequential time block at every
model receptor.  For example, the total air quality at a model receptor is the sum of the
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17  The source scenario under which EPA’s protocol might suffice would require no sources in
operation preceding the PSD major source baseline date.  In the state’s source scenario, there were several
operational sources at that time.  Thus, each change in sulfur dioxide concentration for each sequential
time block at each receptor requires the precept that model predicted concentrations are reasonably
paired-in-time with ambient monitored concentrations.  But, the model does not provide reasonable,
paired-in-time associations between predicted and observed ambient sulfur dioxide concentrations.
(Appendix B of exhibit 6.) 
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EPA’s protocol seems one
dimensional; it
addresses air quality
deterioration but not
air quality improvement. 
For example, how would
this protocol,
apparently developed for
NSR, address a scenario
where the only changes
in emissions of sources
after the PSD minor
source baseline date
were decreases?

concentration at baseline for a specific time block at that receptor and the subsequent
incremental air quality increase, or decrease, during that time block at that receptor. 17  

The basis for EPA’s method of tracking PSD increment consumption seems to be : 
  

i. “Total ambient concentrations ... consist of two components, baseline
concentration and increment concentration.” (1980 Prevention of Significant
Deterioration Workshop Manual, page I-C-3.)  But, EPA dropped analyses for
baseline concentration.  (Paragraph 12.e of this document.)  

ii. “... maximum changes in air quality impact must be determined on both a
spatially and temporally consistent basis.” (Memorandum – dated May 3, 1983,
by Sheldon Meyers, Director, Office of OAQPS – in exhibit 28.)  The State’s
model predicted concentrations are spatially and temporally consistent.
(Paragraph 14.b of this document.) 

 iii. “... modeling must demonstrate that allowable increments are not exceeded
temporally and spatially, i.e., for all receptors for each time period throughout
the year(s). (Section 11.2.3.3(b) of
exhibit 14 as cited in paragraphs 27
and 34 of exhibit 57.)   Presumably,
EPA means that the use of models
must demonstrate the extent to which
increments may or may not be
exceeded temporally and spatially,
etc., since models don’t manage the
emissions of sources.

Apparently, EPA believes that the
concentration at PSD baseline for every
sequential time block at every model
receptor is also the “baseline concentration”. 
The 365 (or 366) sequential daily
concentrations at a receptor at PSD baseline
range from background, when contributions to concentrations by PSD baseline sources
are zero, to larger values.  And, each receptor has a set of daily concentrations at
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The bench mark for post
construction tracking of
deterioration, or improvement, with
ambient monitoring are the highest
and highest, second highest short-
term concentrations (assumes more
than one monitor) from pre-
construction monitoring.

Baseline concentration is an
adjusted ambient concentration
level.  For example, the baseline
concentration includes expected
emissions of major sources
commencing construction before
January 6, 1975, that are not in
operation as of the PSD minor
source baseline date.  (45 FR No.
154, page 52,714.)

baseline.  More specifically, EPA’s exhibit 8 ignores the spatial variation of
concentrations among a network of receptors during a meteorological time block due to
major-source emissions occurring at PSD baseline, which are about 40% of the sum of
emissions occurring during current period (paragraph 15.a of this document).  Exhibit 8
also ignores the temporal variability among sequential time blocks.  The spatial
and temporal variability of concentrations at PSD baseline
likely could be demonstrated with the State’s PSD baseline
data set (see paragraph 14 in this document).

Additional cues for tracking air quality deterioration, or improvement, follow.  

When conducting site-specific, pre-
construction ambient monitoring, “... the data
should be presented in summary format
showing the highest and highest, second
highest concentrations for pollutants with
short-term standards and the appropriate
long-term average associated with each
standard.  These concentrations effectively
describe the existing ambient concentrations
within the impact area attributable to actual
emissions from existing sources.” (1980 PSD Workshop Manual, pages I-C-22 and 23,
emphasis added.) 

Similarly, the baseline concentration is “...
the reference point for determining air
quality deterioration in the area.” (Draft 1990
New Source Review Workshop Manual,
page C.6, emphasis added.)

The “baseline concentration” is defined as
“... the ambient concentration level which
exists in the baseline area at the time of the
minor source baseline date.”  (NDAC 33-15-
15-01.1.d as well as paragraph 43 on page 20
of exhibit 57, emphasis added.)

For the class I area, the maximum allowable increase in concentrations of sulfur dioxide
over the baseline concentration shall not exceed 5 ug/m3 for the 24-hour period, except
such maximum allowable increase during one 24-hour period per year is permitted. 
(CAA § 163(a) and (b)(1) as well as exhibit 2.)  No reference is made in the CAA to an
air quality model receptor.
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18  This procedure provides results identical to application of the MAAL as used in exhibit 6.
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Therefore, “baseline concentration” can be determined and subsequent deterioration
(consumption of PSD increments), or improvement, in worst-case (second highest)
sulfur dioxide concentrations can be tracked as in paragraph a or b below.

a. With the data set from modeling emitted sulfur dioxide around PSD baseline, the
State (i) first calculated a “baseline concentration” for sulfur dioxide as the
second-highest receptor-network average concentration among the 365 (or 366
for leap years) sequential time blocks.  With the data set from modeling emitted
sulfur dioxide preceding the date of concern, the State (ii) calculated the
receptor-network average concentration for each of the sequential time blocks. 
When a current-period concentration at step (ii) exceeds the baseline
concentration at step (i) by 5 ug/m3, an exceedance occurs. 18 [This alternative
reduces to the alternative in paragraph b below when there is only one receptor
in the receptor network, such as in the Theodore Roosevelt National Park-
Elkhorn Ranch Unit.]  Conceptually, the maximum number of exceedances is
365 (or 366).

b. An alternative would have been to (i) first determine the highest of second-
highest concentrations from among all model receptors and all sequential time
blocks due to PSD baseline emissions and (ii) then subtract that number from all
concentrations for all sequential time-blocked concentrations at each receptor
due to current emissions.  When a current-period concentration at a receptor at
step (ii) exceeds the baseline concentration at step (i) by 5 ug/m3, an exceedance
occurs at that receptor.  Conceptually, the maximum number of exceedances is
the product of 365 (or 366) and the number of receptors in the receptor network.

c. The calculation of increment exceedances in paragraphs a and b above presumes
that the background concentrations in both time lines are the same.  The
background concentration is due to distant or other sources of sulfur dioxide that
are not included in emissions inventories.  The background concentration for
sulfur dioxide in western North Dakota is about 1.3 ug/m3. (Exhibit 52.)

The discussion in paragraphs a, b and c above also applies to the 3-hour PSD Class I
area increment. 

When one or more current-period concentrations in PSD Class I areas are greater than
the baseline concentration, worst-case air quality has deteriorated.   When all current-
period concentrations are less than the baseline concentration, air quality has improved. 
In either instance, the information is not provided by EPA’s preferred modeling
protocol.
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Concerns that relate to receptor-
network averaging in the State’s
protocol must be resolved as applied
in tracking air quality deterioration
from concentrations at PSD
baseline, rather than in the context
of EPA’s historic protocol or its
Exhibit 8.

The methods of assessing occurrences of deterioration of ambient sulfur dioxide in
paragraphs a and b above use the model to demonstrate the extent to which an increment
may be exceeded temporally (per EPA guidance quoted above).  More specifically, the
methods demonstrate whether any current-period concentration occurring during the
sequential time blocks throughout the year(s) exceed the sum of the baseline
concentration and the PSD Class I area increment. 

Regarding – model receptor network averaging

19. EPA asserts that the State’s approach of using the statistical average (mean) receptor
concentration for each sequential time block results in substantially lower changes in
concentrations for comparison to the PSD increment. (Exhibit 57, paragraphs 27 through
30.)  In EPA’s approach of modeling sources’ changes in sulfur dioxide emission rates,
the second-highest change in concentration
at a receptor among many receptors during a
block of time – among sequential time blocks
throughout a year – conceivably can be
greater than the statistical average of the
changes in concentrations at those receptors
during that time block.  The question should
be asked and answered in the context of
paragraphs 18.a and 18.b with the procedure
that follows: 

a. First, model each sulfur dioxide
emissions inventory so as to bypass the assumption in EPA’s protocol – that its
modeling approach produces the same result in predicted changes in each
sequential time-blocked ambient sulfur dioxide concentration at each of the
model’s receptors as would calculating changes using the results of modeling of
each source emission inventory.

b. Then, from the modeling results data set for each of the two inventories, (1)
identify the second-highest concentration among receptors during each
sequential time block and (2) calculate the average receptor concentration for
each time block.  The two second-highest concentrations during a meteorological
time-block, one for each respective emissions inventory, may not occur at the
same receptor.

The question becomes: For each sequential time block, is
the magnitude of the apples-to-apples difference between
the second-highest concentrations due to the two respective
emissions inventories comparable to the magnitude of the
difference between the calculated receptor-network
averages?  A corollary question is: Which set of
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19  An appropriate statistical test applied to the 365 temporal time-blocked (e.g., 24-hour)
concentrations at two nearby model receptors might show that concentrations occurring over the year at
the two model receptors are not significantly different.

20  For discussion of model receptor locations, see part 8.2.2 in EPA’s Guideline on Air Quality
Models (exhibit 14), page 15 of the IWAQM Phase 2 Summary Report (exhibit 29), and page 11 of the
FLAG Phase I Report (exhibit 18).

21 Since the May hearing, the State has developed a Cartesian grid of model receptors for
three of the PSD Class I areas in North Dakota.
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differences for the year(s) – between second-highest
concentrations or between receptor-network averages –
indicate greater deterioration, or improvement?  These
questions likely could be answered with the State’s data
sets (see paragraph 14 in this document).   These differences
represent deterioration, or improvement, of sulfur dioxide concentrations subsequent to
the PSD minor source baseline date for the respective time blocks.  The State’s baseline
concentration is taken as the second high concentration among all sequential time blocks
from results of modeling the baseline emissions inventory, see paragraphs 18.a and 18.b
of this document. 

1. Presumably, ambient air quality concentrations predicted by the model at a single model
receptor represent the air quality concentrations at the place of that model receptor and
do not represent the air quality concentrations at other places in the PSD Class I area. 19  

a. Because ambient concentrations generally decrease as distance from the point of
release to the atmosphere increases, the highest concentrations usually occur at
the perimeters of PSD Class I areas.  Model receptors on high terrain at the
perimeter of Class I areas may capture worst-case concentrations; 20  but a
Cartesian grid of receptors across the areas is necessary so as to eliminate a
media sampling bias in statistical descriptions of receptor concentrations for the
areas. 21  (See also paragraph 24.b of this document.)

b. However, consider the hypothetical situation where a model receptor is placed
on high terrain a few meters from another model receptor.  In essence, the
concentrations of sulfur dioxide at each receptor would be very similar –
resulting in sulfur dioxide concentration data for the two model receptor
locations that are not independent, but having high paired-in-time correlation.  In
this situation, traditional counting of exceedances of the PSD Class I increments
would result in double counting of exceedances. (Exhibit 8, page 10 and tables
4-1 through 4-7.)  When exceedances are tabulated from model-predicted sulfur
dioxide concentrations at each model receptor,

 



D
  R
  A
    F
     T

22  The answer may reflect the distances between sources emitting sulfur dioxide and each of the
PSD Class I areas. (Exhibit 6, figure 1-1, which does include locations of minor sources.)
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i. One question is: What are the model receptor
separation distances that likely would avoid
duplication of counting of exceedances? 22 

ii. Another question is: Do some tabulated numbers of
exceedances by year for PSD Class I areas, as in
EPA’s exhibit 8, reflect or overstate actual
exceedances? 

The State circumvents resolution of answers to these questions with a statistical
average of sulfur dioxide concentrations at receptors in the model’s receptor
network for each sequential time block, as in paragraph 18.a above, when
tracking consumption of the PSD Class I increments. (Exhibit 6, pages 34
through 37.) 

Double counting of increment exceedances when tracking increment
consumption via paragraph 18.b can be avoided by tabulating only the number of
time blocks (24-hour or 3-hour) during which an exceedance occurred at one or
more network receptors.

 
2. Furthermore, EPA, nor the State, has not shown, graphically

or statistically, the spatial variation and range (lowest
and highest) of the second-highest short-term sulfur
dioxide concentration for the receptors in any Class I
area.  The spatial variation and range likely could be
demonstrated with the State’s data sets (see paragraph 14
in this document).  

The highest second-highest short-term (3-hour or 24-hour) sulfur dioxide concentration
among model receptors is an inappropriate indicator of potential effects on Air Quality
Related Values (AQRVs) and visibility, when it overstates the amount of ambient sulfur
dioxide throughout the remaining PSD Class I area.  The FLAG Phase I report identifies
two specific indicators of potential pollution impact on vegetation, soils and surface
water – namely, ozone and deposition. (Exhibit 18.) 

a. The DOI’s FLMs have not identified ambient sulfur dioxide thresholds or critical
load values that would cause an adverse impact due to one or more exposure
events (for example, the 24-hour day) for any of the state’s PSD Class I areas.

b. Deposition is generally not specific to the location of one model receptor, but
when significant across sensitive watersheds may acidify surface waters. (Id.,
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23  The State’s calculated receptor network averages are not true representations of mean
concentrations across PSD Class I areas, because locations of receptors were not randomly placed or
uniformly spaced as on a Cartesian grid. (Exhibit 6, pages 34 through 37.) 

24 For sources that began operation after the PSD minor-source baseline date, the change in
emission rate is the same as the current period emission rate.
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pages 4 and 133.)  The DOI’s FLMs have not identified any places (sub-areas) in
the state’s PSD Class I areas that might be more sensitive to ozone and
deposition. (Id, page 12 and pages 131 through 136 in volume I of exhibit 48.) 

c. Visibility of scenic vistas depends upon the color changes or light extinction
(units of distance -1) over the light pathway between the observer and the vista
and also is not specific to the location of a single model receptor. (Id, pages 26
and 27.) 

Therefore, the State’s use of a statistical average of sulfur dioxide concentrations at
receptors in the model’s receptor network for each sequential time block when tracking
consumption of the PSD Class I increments reflects spatial attributes of deposition and
visibility. 23 

Regarding – consistency between NAAQS, PSD and FLAG 

3. Apparently, EPA views application of a modeling protocol for NAAQS compliance
demonstration and a modeling protocol for PSD Class I area increment consumption as
having common practices in use of most model input, model receptors and model
output. (For example, paragraph 25 on page 12, paragraph 28 on page 14, paragraph 35
on page 16 and paragraph 40 on page 19 of exhibit 57.) 

a. When discussing the State’s Calmet/Calpuff performance test, EPA does not
compare apples to apples when relating its method of increment consumption
modeling, which predicts the highest second-highest change in concentrations, to
total ambient concentrations of the performance test. (Transitional paragraph
from page 11 to page 12 of exhibit 8.)  Similarly in exhibit 57, EPA uses the
words concentration or concentrations without qualification that it likely means
changes in concentrations from modeling emission rate decreases or increases. 24

(For example, paragraph 25 on page 12 and paragraph 40 on page 19.)  The
exceptions are paragraph 37 on page 17 and figure 4 on page 36, which labels
the Y-axis as “Increment Concentration.” 

b. Paragraph 34 on page 16 typifies the contradictions when EPA states in one
sentence “...one should determine whether the net change in increment
consuming emissions since the baseline date has resulted in pollutant
concentrations exceeding the PSD increment ...[,]” while a subsequent sentence
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in that paragraph states “Increment consumption calculations must reflect only
the ambient pollutant concentration change attributable to increment-affecting
emissions.” (emphasis added in both quotes)

c. Modeling of the inventory of emitted sulfur dioxide preceding the date of
concern per the State’s protocol resolves the conflict described in paragraphs a
and b above.  This modeling:

i. Provides information also useful for determinations of compliance with
the sulfur dioxide NAAQS.

ii. Provides the total (a.k.a. cumulative) ambient concentrations needed by
DOI’s federal land managers (FLMs) for AQRV impact assessments.

iii. Is consistent with EPA’s Guideline on Air Quality Models, which does
not describe modeling changes in emission rates.

iv. Avoids developing the two emissions inventories recommended by
IWAQM – one for PSD increment analyses and another for AQRV
analyses. (Page 57 of exhibit 29.)

v. Provides predicted ambient concentration data sets for future assessments
of air quality deterioration or improvement.  The data sets can be
appended by modeling only new sources or source modifications. (Page
56 of exhibit 29.)

4. The State’s rules at NDAC 33-15-15-01.4(f,g,h,i&j) and at NDAC 33-15-19-02.2 do not
establish one method for air quality impact assessments for New Source Review (NSR)
and PSD and another for FLMs’ AQRVs and visibility analysis.  The State’s rule at
NDAC 33-15-15-01.4.j requires that the State provide FLMs with “all information
relevant to the permit application” for a proposed major stationary source or major
modification – irrespective of status of consumption of PSD Class I increments. 

5. A duty of DOI’s FLMs is to ascertain whether expected, total ambient sulfur dioxide
concentrations might have adverse impacts on AQRVs. (Pages 127 through 129 and
pages 159 and 160 in volume I of exhibit 48.) 

a. The Federal Land Managers’ Air Quality Related Values Workgroup (FLAG) –
Phase I Report dated December 2000 states: “A cumulative air quality analysis
in which the proposed source and any recently permitted (but not yet operating)
sources in the area are modeled is an important part of any AQRV impact
analysis.  This cumulative modeled impact is then added to measured ambient
levels (to the extent that such monitoring data are available) so that the FLM can
assess the total effect of the anticipated ambient concentrations on AQRVs.  If
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25  EPA modeled only 31,453 pounds per hour of its calculated total current-period, major-source
24-hour emission rate of 52,525 pounds per hour.  Minor sources were not included. 

26  The State has developed a 2-kilometer Cartesian receptor grid for several PSD Class I areas
per Findings and Conclusions of the 6 May 2002 hearing.  Back in 1981-1982, the State’s model receptor
network for these areas was a Cartesian grid of about 5 kilometers. (Exhibits 22, 23 and 24.)
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no representative monitoring data are available, the applicant should estimate the
total pollutant concentrations by modeling emissions from contributing sources
in the area.” (Exhibit 18, page 12, emphasis added.)  

b. The FLMs then note that the information they receive from NSR permit
applicants per EPA’s historical approach requires them to leap from data on
changes in concentrations to total (a.k.a. cumulative) concentrations. 25  
“Whereas the permit applicant calculates changes in pollutant concentrations,
deposition rates, or visibility extinction, the FLM assesses the extent to which
these impacts affect sensitive, visual, aquatic, or terrestrial resources.  ...  In
making an adverse impact finding, FLMs consider such factors as magnitude,
frequency, duration, location, and timing of impacts, as well as current and
projected conditions of AQRVs based on cumulative impacts.” (Id, page 12.) 

6. The term receptor is an extension of exposure paradigms.  AQRVs are valued ecological
resources in PSD Class I areas; these resources are ecological receptors that may or may
not be affected by exposure to pollutants.  When assessing the exposure of AQRVs to
ambient sulfur dioxide, a PSD Class I area arguably is the receptor, because DOI’s
FLMs have not identified specific places within the state’s Class I areas where an
AQRV is uniquely sensitive to sulfur dioxide. (Exhibit 18, pages 12 and 166.)

a. The word “receptor” is used only once in NDAC 33-15, and that place is at
NDAC 33-15-15-01.2.b.  The PSD increments are set for “... areas designated as
class I, II, or III ...,” but one exceedance of short-term increments is allowed “...
per year at any receptor site.”

b. AQRVs include vegetation, soil and water.  These AQRVs can be impacted
through deposition of primary or secondary pollutants.  Ambient sulfur dioxide
data obtained from a Cartesian grid of model receptors would describe the true
exposure of the PSD Class I receptor area.  

c. The Cartesian grid should be scaled to a size adequate to properly characterize
model-predicted ambient concentrations over a PSD Class I receptor area in
statistical terms, such as the maximum, second highest, mean (a.k.a. average),
range and standard deviation. 26  (See also lines 9 through 22, page 146, in
volume I of exhibit 48.) 
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The State’s modeling protocol can
be used to test strategies for
improving air quality as well as
assessing deterioration of air
quality.  Apparently, EPA’s historic
and preferred protocol as
represented by Exhibit 8 was
designed around NSR.

d. In one prior Air Quality Effects Analysis, the State did provide a statistical
frequency distribution of model predicted sulfur dioxide concentrations at a
Cartesian grid of model receptors. (Exhibit 22.)  In one prior assessment for
adverse impacts, the DOI’s NPS concluded “[a] cumulative frequency of
occurrence analysis of the measured SO2 data shows that high concentrations are
episodic and do not represent typical conditions.  Half the hourly values are ...
below the minimum detectable limit of the instruments (5 ug/m3).” (Exhibit 13,
47 FR 30222.)

Regarding – air quality management

7. EPA’s historic approach does not provide information for administrators of Air Quality
Programs to determine whether worst-case concentrations in PSD Class I areas have
deteriorated or improved, as described in exhibit 52 by the State.  This approach can
lead PSD program administrators to conclude a PSD increment has been exceeded at a
model receptor (figure 4 in exhibit 57), even though the total ambient concentrations on
days having deterioration exceeding an
increment can be less than total ambient
concentrations on other days – whether at
that same receptor or at other receptors (as
illustrated with figures 4-1 and 4-2 in exhibit
6).

8. Since the mid-1970s, federal and State
administrators of Air Quality Programs
relied on computer models’ predicted
concentrations or changes in concentrations
for ascertaining status of compliance with NAAQS or PSD increments. (For example,
exhibits 22 through 26 and paragraph 16 in exhibit 57.)  DOI’s FLMs also have relied
on the models’ output data for assessments of impact on AQRVs and visibility. (For
example, exhibit 13.)  The modeling of baseline and current source inventories of
emitted sulfur dioxide facilitates calculation of the contributions of sources to the
baseline concentration and to current-period concentrations; for example, see figure 4
attached.  This information conceivably can be useful – when anchored to law, rule,
science and engineering – in managing emitted sulfur dioxide so as to achieve
attainment of the PSD Class I area increments. (For example, paragraph 16 on page 8 in
exhibit 57.) 

9. Preferably, improvement or deterioration in ambient sulfur dioxide occurring after the
PSD minor-source baseline date should be determined from ambient monitoring of
sulfur dioxide concentrations in Class I areas.  Because there are no measured ambient
sulfur dioxide concentrations preceding the PSD minor-source baseline date (1977) or
preceding 1980, the State’s approach provides information by modeling major and
minor sources’ sulfur dioxide emissions around (reflecting normal operations) that date
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27  The second-highest 24-hour baseline concentration would be the MAAL as shown in these
tables less the PSD 24-hour Class I area increment of 5 ug/m3.

28  While paragraph 9 mentions that EPA received comments during its public comment period
critical of relaxing its conservative assumptions in its modeling, the paragraph does not mention nor elude
to comments critical of its conservative assumptions.
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that suggests magnitudes of baseline concentrations for PSD Class I areas. (For
example, figure 4-1 and tables 4-1 through 4-4 27 in exhibit 6 as well as pages 6, 7 and 8
in exhibit 52.)

Part IV:   CONFINING “POTENTIAL” IN CHARACTERIZING AIR QUALITY
                 DETERIORATION 

10. EPA refers to aspects of its modeling protocol as conservative. 28 (For example,
paragraph 9 on page 5.)  It characterizes exhibit 8 as follows: “This study represents
what EPA believes to be a reasonable, but not necessarily the most conservative,
methodology to assess the status of Class I increment consumption in North Dakota ... 
We believe this approach also best meets the intent of the increment modeling – to
characterize the potential for increment violations under realistic emissions and
meteorology conditions.” (Page 1 of exhibit 8, emphasis added.) 

a. Citing the CAA, EPA and the DOI’s NPS view a modeling result that is an
exceedance of a PSD Class I increment as a violation of the CAA and rule,
irrespective of time trends in ambient monitoring data and irrespective of
whether or not impacts on AQRVs and visibility are adverse. (For example, lines
1 through 7 on page 63, lines 14 through 20 on page 128, line 12 on page 130
through line 15 on page 136, lines 3 through 18 on page 159, and lines 3 through
17 on page 161 in volume I of exhibit 48.)

b. EPA concludes paragraph 19 of exhibit 57 as follows: “[i]n sum, without a far
more comprehensive historical monitoring record going back to 1977, the
monitoring data do not provide a reliable indication of the degree of increment
consumption in the Class I areas at issue here.”  It concludes paragraph 20 as
follows: “[t]his is a major reason why dispersion modeling is the only reliable
method available to determine PSD increment consumption.” (emphasis added) 

c. EPA’s discretion favors conservative choices to capture the potential high-end
predicted ambient sulfur dioxide concentrations. (Its 1980 and 1990 NSR
guidelines and exhibits 14, 8 and 57.)  For example, 
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violation of that increment.  If there are no other exceedances that year and no other exceedances in any
of the remaining four years, then that second exceedance is but one event in 1,827 days during the five
years at that one receptor.  If there are nine other receptors, then that second exceedance at the first
receptor is but one event in 18,270 24-hour averaged concentrations.  (As shown in exhibit 22,
exceedances at model receptors occurring during the same time-block or during back-to-back time blocks
of any year likely are due to the same weather transport event and, thus, are not meteorologically
independent.)

30  In order to satisfy NDAC 33-15-15-01.2.b when a second exceedance of a short-term
increment occurs, increment-affecting sulfur dioxide emissions of one or more sources must be reduced –
unless a variance is granted – until 1990's 12.8 ug/m3 becomes 5 ug/m3 or less.  The amount of reduction
of increment-affecting emissions, on average, is approximately 61 % ((12.8-5)/12.8).  Whereas, the
amount of emissions reduction, of average, for 1992's 5.4 ug/m3 (the lowest “high, 2nd high” among the
five years) is approximately 7.4 %.
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i. Modeling with five years of meteorology. 29  The weather event causing
the highest of “high, 2nd high” change in 24-hour sulfur dioxide at a
model receptor is an unusual – or outlier – event. (Tables 4-1 through 4-4
in exhibit 8.)  For example, the “high, 2nd high” value of 12.8 ug/m3
occurring during 1990 in the TRNP-South Unit is larger than the
“highest” values for 1992, 1993 and 1994, which were 6.9, 8.5 and 10.1,
respectively. (Table 4-1.)  The 12.8 ug/m3 is not only the “high, 2nd high”
value among 366 days for 1990, but also the 3rd highest of all changes in
24-hour sulfur dioxide concentrations at model receptors over the 1,827
days of the five years. 30 

ii. Model receptor placement on high terrain at perimeters of PSD Class I
areas.  At these locations, model predicted concentrations are likely to be
greater than concentrations at lower terrain or in interiors of the areas.
(Page 10 in exhibit 8 and pages 34 through 37 in exhibit 6.)  Pollutant
deposition on watersheds and impact on visibility are overstated when
based upon predicted concentrations at such locations.

iii. Inconsistent application of “actual emissions” for baseline sources retired
after PSD minor source baseline date, baseline sources continuing to
operate during the current period and sources constructed after the PSD
major source baseline date. (Pages 17 through 28 of exhibit 8). 
Substitution of annual average emission rates per definition for “actual
emissions” with 90th percentile rates.  Historically, sources seldom
concurrently emit sulfur dioxide at respective higher hourly rates.
(Exhibits 33 and 17.)

iv. Rigid application of  “actual emissions” for sulfur dioxide emitted by
major sources – at PSD baseline.   Emission rates for some major sources
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31  EPA explains that its approach is preferable over the alternative of modeling PSD baseline and
current-period source emissions inventories when it states “... there is insufficient historical information
on many of the sources in the State’s inventory to reliably determine baseline concentrations.” (Paragraph
38.)  Nevertheless, EPA assumes source characteristics were the same at PSD baseline as during the
current period.  And, it calculates PSD baseline emission rates, which are required to calculate changes in
rates. (Exhibit 8, table 3-4.)

34

are based upon the two-year period preceding the PSD minor-source
baseline date, rather than selection of another two-year period after that
date when such two-year period is more representative of normal
operations. (Paragraphs 41 through 54 of exhibit 57.) 

v. Avoiding calculation of “baseline concentration.”  In EPA’s protocol, the
reference point for determining ambient sulfur dioxide deterioration or
improvement – relative to PSD Class I increments – in an area is
unspecified. (Paragraphs 31 through 38 of exhibit 57.) 31 

11. EPA indicates that predicted-to-observed ratios that fall within the factor-of-two criteria
suggested by its guidance do not exhibit a strong bias toward under prediction or over
prediction. (Exhibit 8, page 11.)  EPA also recommends: “For the present, continued use
of the ‘best estimate’ is acceptable and is consistent with Clean Air Act requirements.” 
(40 FR 51, Appendix W, section 10.2.)

a. The words potential and expected, or “best estimate,” are not synonyms; just as
the words possible and probable, respectively, are not synonyms.  The only
constraint in discretionary choices that seek out the “potential” for increment
violations are impossible circumstances.

b. Due to weather, sulfur dioxide emissions and other data uncertainty, 
conservative model outcome where predicted concentrations are greater than
observed concentrations (unpaired in time) is desirable.  When a model over
predicts, discretion favoring conservative choices as listed in paragraph 29 above
do not cancel but compliment.

c. When ratios of predicted to observed concentrations are +2 or less but
unnecessarily larger than +1, emission control strategies to negate future
violation of PSD increments may be over designed.  Similarly, when
concentrations are under predicted, emission control strategies may be
underdesigned.

d. Over or under prediction bias does not drop out in calculation of air quality
deterioration or improvement.   Consider the conceptual formula that follows:

CC = (bcp*CPC) – (bb*BC) 
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32  Nevertheless, EPA acknowledges the State’s performance test. (Paragraph 72 of exhibit 57 and
pages 11 and 12 of exhibit 8.)  And, EPA chose to use most Calmet-Calpuff software user control
parameters from results of the State’s performance test. (Pages 13 through 16 of exhibit 8.) 

33  Pressures of time prior to the 6 May 2002 hearing prevented the State from conducting another
performance assessment using annual average emission rates (grams per operating second) for major
sources. 
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A Calmet-Calpuff performance test
can anchor the modeling protocol,
and the user of the model, to the
“best estimate” precept.  Model
performance should be quantified
and documented.

where:
CC = change in concentration
CPC = current period concentrations
BC = baseline concentration
bcp and bb = bias

CC = b*(CPC– BC)
assuming that bias is the same for a wide range of concentrations.

12. EPA claims there is “no legal requirement to test Calpuff in a particular application as
long as the model is used in applications for which it has been designed.” 32 (Paragraph
72 of exhibit 57.)  However , EPA also states: “In all applications of models, an effort is
encouraged to identify the reliability of the model estimates for that particular area ...”
(Part 10.1.3.b of EPA’s modeling guideline,
which is exhibit 14.)  “...  models, while
uniquely filling one program need, have
become a primary analytical tool in most air
quality assessments.  Air quality
measurements though can be used in a
complementary manner to dispersion models,
with due regard for the strengths and
weaknesses of both analysis techniques. 
Measurements are particularly useful in
assessing the accuracy of model estimates.” (Section 1.b of exhibit 14.)

a. One State performance test is documented in appendix B of exhibit 6. 

i. When comparing model predicted concentrations to monitored actual
ambient concentrations as in performance tests, all emitted sulfur dioxide
must be represented in the model’s predicted concentrations or in
ambient background concentrations. 

ii. The performance test used year-2000 hourly sulfur dioxide CEM data for
major sources paired to year-2000 hourly meteorological data. 33  EPA’s
application of emission rates in its protocol deviated from this test when
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34  The performance behavior of Calmet-Calpuff also has been described by IWAQM. (Exhibit
29.)  The State deviated from some IWAQM recommended model user-controlled options so as to
improve correlation of the model’s predicted sulfur dioxide concentrations with ambient concentrations
from monitoring locations in western North Dakota. (Exhibit 6.) 
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it used 90th percentile rates.  Likewise, the State deviated from this test
when it used annual average rates during operations.

iii. The State tuned model projected ambient sulfur dioxide concentrations to
field monitored concentrations with alternate settings of some user-
controlled model switches. 34  EPA refers to the State’s settings as non-
IWAQM settings and to IWAQM settings as “regulatory default
selections.” (Exhibit 8, page 36.)  However, IWAQM recommends
“tailored defaults for a given application.” (Exhibit 29, pages A-1 and B-
1.) 

iv. EPA has not described implications pertaining to
results of modeling of deterioration (or
improvement) of ambient sulfur dioxide in PSD
Class I areas due to any deviations from this
performance test protocol.  Likewise, the State
also has not described such implications.

b. Once user-controlled model switches are set as in performance testing per
paragraphs 30.a.ii and 30.a.iii above, the performance of the model as applied in
assessment of air quality deterioration (PSD increment consumption) can be
demonstrated by including model receptors at sites of ambient monitoring for
sulfur dioxide.  When modeling current-period emissions of sulfur dioxide, the
estimated sulfur dioxide concentrations at sites of monitors can be graphically
and statistically compared to observed ambient sulfur dioxide concentrations at
those sites – after adding an appropriate background sulfur dioxide concentration
to modeled concentrations.  The highest 5 % of daily ambient concentrations (18
of 365 or 366) are listed in tables 1, 2 and 3.

i. Since estimated concentrations are dependent on weather data and since
diagnostic and meteorological model outputs (Calmet and others) can be
a source of error in atmospheric dispersion models, a comparison of
Calpuff estimated concentrations to observed ambient concentrations
should be completed for each version of meteorological data that is used
to drive the Calpuff model.  If model performance is improved with one
version of meteorological data over others, that performance should be
quantified.  The question is: Is there evidence that
the output of one meteorological model is better
than the output of another?  
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ii. Since the 90th percentile of 24-hour averaged CEM sulfur dioxide
emissions data is larger than the annual averaged CEM emissions data as
noted elsewhere in this document, a comparison of Calpuff estimated
concentrations from each scenario to observed ambient concentrations
should be completed.  The relational performance of the model using the
two emission rates should be quantified.  The question is: Are
estimated concentrations using the 90th

percentile current-period 24-hour sulfur dioxide
emission rates advocated by EPA in its exhibit 8
better correlated with observed concentrations?

c. Representations of emitted sulfur dioxide occurring at PSD baseline should be
consistent with, or comparable to, representations of emissions occurring during
the current period as in attached figure 1 and as discussed elsewhere in this
document.

Part V:  EXHIBIT-57 FOCUSED OBSERVATIONS

The State’s comments specific to each of several paragraphs within exhibit 57 follow.  In many
instances, EPA’s remarks in exhibit 57 repeat its hearing testimony, which is recorded on pages
40 through 125 in volume I of exhibit 48.  Parallel comments by EPA in exhibit 48 have not
been cross-referenced to exhibit 57 below.

Paragraph 9 on page 5:  EPA states, in reference to public comments received during its public
comment period on its exhibit 8, “We received criticism from some commenters for being too
lax (for example, ..., not using IWAQM regulatory default settings in the model.  The maximum
Class I increment concentrations would have increased by about 50%, and the number of
violations nearly doubled, if the standard IWAQM regulatory defaults had been used in the
modeling).”  EPA fails to note, in conjunction with these statements, that it used Calmet and
Calpuff control setting as determined by the State’s performance assessment. (See paragraphs
70 and 71, pages 11 through 16 in exhibit 8 and page 91 [line 17] through page 96 [line 18] in
volume I of exhibit 48.) 

Paragraphs 19 and 20, pages 9 and 10:  EPA does not identify what monitoring data are plotted
in figure 1 on page 33.  The monitoring data shown in figure 1 are apparently the second-
highest one-hour concentration by year for each of four monitoring sites.  If so, the data in this
figure are useful for describing year-to-year trends in the annual highest one-hour
concentration.  Presumably, the data in that figure are not statistical characterizations of all
8760 hours (8784 in leap years) in each year and, thus, statements about trends in sulfur dioxide
concentrations, in general, are not supported by the data in the figure.  For example, ambient air
sulfur dioxide concentrations in the Theodore Roosevelt National Park’s North and South Units
are unmeasurable (less than instrument detection levels) at least 80 percent of time.
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35 On page 10 of exhibit 8, EPA states: “Given the distances of the largest contributing sources
from these Class I areas (150 - 300 km), concentration gradients would not be expected to be significant
within individual areas, ...”
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Paragraph 18, pages 8 and 9:  A single pollutant transport weather event can consist of multiple
sequential time blocks (for example, 3-hour or 24-hour).  During one time block within a single
pollutant transport weather event, the statement “... monitoring data collected at a single
location is not representative of concentrations that may occur at other nearby Class I [model]
receptors because SO2 concentrations can vary greatly over small distances” can be true when
sources are near Class I areas. 35  (word added)  But, EPA’s PSD analysis models only changes
in source emission rates; thus, EPA does not know expected cumulative contributions from
source emissions inventories to ambient concentrations at model receptors.  And, EPA has not
demonstrated that the quoted statement applies to the predicted second-highest change in
ambient concentration at each model receptor due to all pollutant transport weather events
occurring during a year.  For example, EPA has not provided a contoured map of these second-
highest concentrations. (See also first and second sentences in paragraph 40 on page 19.)

Paragraphs 17 through 20, pages 8, 9 and 10:  The State has not advocated substituting
monitoring data in PSD Class I areas for modeling data.  The State advocates using monitoring
data with modeling data in assessing PSD increment consumption.  EPA’s discussion and
conclusion suggests questions such as: is it, therefore, not supporting the monitoring of sulfur
dioxide concentrations in PSD Class I areas; and does it believe that the monitoring data do not
have value to DOI’s FLMs assessments of impacts on AQRVs?

Paragraphs 17 through 20, pages 8, 9 and 10:  The State acknowledges that monitoring data for
ambient sulfur dioxide concentrations in Theodore Roosevelt National Park-North and South
Units likely were influenced by emissions of oil and gas production wells.  This observation
provided the State with an additional incentive for assembling an inventory of sulfur dioxide
emissions from oil and gas production wells around the PSD minor-source baseline date.

Paragraphs 27, 34, 35 and 36, pages 13, 16, 17 and 18 as well as table 1:  The State did use
temporal and spacial weather data as input to the model to determine predicted ambient
concentrations at individual model receptors for each hour sequentially over the year (1990,
etc.).  The State then calculated block averaged concentrations for sequential 3-hour and 24-
hour time blocks for the year at each individual model receptor.  Finally, it then calculated the
statistical average ambient concentration across the PSD Class I area for each sequential time
block using the individual model receptor averages for respective time blocks. 

Paragraph 27, page 13:  In the sentence “Averaging the concentrations over longer time periods
eliminates short-term concentration peaks, ...”  EPA apparently means averaging the emissions,
given the context of remaining paragraph.  The use of an average emission rate does not
eliminate “short-term concentration peaks,” because the primary influence on short-term
concentrations – irrespective of the magnitudes of time-constant emission rates used in
modeling protocols – is the dwell time of pollution plumes over Class I areas and other aspects
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36 The State’s exhibit 4, when initially posted on the State’s web site, had errors caused by
creation of the exhibit as a PDF document.

37 Testimony during the May 6th hearing advocated revision of the 30S factor in EPA’s AP-42
method for calculating sulfur dioxide emission rates.
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of weather events that transport sulfur dioxide from sources to the Class I areas.  (See also first
sentence in paragraph 36, exhibit 33 in the docket for the 6 May 2002 hearing and the
discussion which follows.)

Paragraph 27, page 13, and footnote 45:  The State does believe that the SIP-approved and rule-
provided definition for “actual emissions” applies and, thus, it gives deference to the rule rather
than to EPA’s Guideline on Air Quality Models and other references listed in footnote 45. 
However, the State did not divide the average hourly emission rate for the year by the average
hours of operation 36 – which would lead to numbers having units such as pounds per hour
squared.  The State simply used CEM data for current period by calculating the average
emission rate for operating hours (lb/ophr) and, for baseline, it used AP-42 without
modification37 to calculate the sulfur dioxide emitted during operating hours (lb/ophr).  (See
also discussion that follows.)

Paragraph 27 on page 13 (last sentence), paragraph 43 on page 20 (fourth sentence) and
paragraph 30 on page 14:  “... the State’s definition of actual emissions is modeled after EPA’s,
...”  And, that definition is “[i]n general, actual emissions as of a particular date shall equal the
average rate at which the unit actually emitted the contaminant during a two-year which
precedes the particular date and which is representative of normal source operation.”  The two
remaining sentences of the definition are: “The department may allow the use of a different
time period upon a determination that it is more representative of normal source operation. 
Actual emissions must be calculated using the unit’s actual operating hours, production rates,
and types of materials processed, stored, or combusted during the selected time period.”  The
qualifier “in general” in the rule definition of “actual emissions” applies to these two additional
sentences, which provide avenues of discretion for selection of the two-years that represent a
source’s normal operation.  The phrase “during the selected time period” refers to the two-year
period selected as representative of normal operations; thus, this phrase does not encompass
short-term emission rates during the two-year period as EPA suggests.

Paragraphs 29 and 30:  The State did not use an “annual average emission rate divided by 365"
or “an average rate in tons per year” for major sources.  It used amounts of sulfur dioxide
emitted during source operating hours, as provided by rule, which provides an emission rate
(mass per unit time) in units of tons per operating hour or pounds per operating hour or grams
per operating second (as used in the modeling described in exhibit 6).

Paragraphs 27 and 29, pages 13 and 14:  The State’s average emission rates for major sources,
computed as amount emitted while operating, are not “approximately 50 percent” less than
EPA’s 90th percentile 24-hour averaged emission rates.  (Apparently, EPA calculates emissions
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7.  Thus, the high-end rates of frequency distributions of hourly emitted sulfur dioxide are capped by the
nominal heat-input capacity and the annual hours of operation of the boiler at or near that capacity. 
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per day by dividing total emission for the year by 365.)  The actual difference for the coal-fired
power plants can be calculated from data in table 3 in the State’s exhibit 33, and that difference
for years 2000-2001 is only 16.9 percent. 

Paragraph 28, page 14 (last sentence):  See State comments regarding paragraphs 27 and 29
above. 

Paragraph 29, first sentence, page 14, as well as paragraphs 27 and 30:  As previously noted,
the State believes that the SIP-approved and rule-provided definition for “actual emissions”
applies.  Nevertheless, the State has examined whether use of annual average emission rates
might underestimate short-term emissions and increment consumption. (See exhibit 33.) 

m. The modeling protocol used by EPA in exhibit 8 and the protocol used by the
State in exhibit 6 applied the emission rates of sources 24/7.  But, sources
generally do not concurrently emit sulfur dioxide at greater or lesser rates. (Table
6 in exhibit 33.)  Correlation coefficients between hourly plant emissions range
from -0.1 to +0.3.

b. The sum of 90th percentile of 24-hour source averaged emission rates for years
2000-2001 was exceeded by the sum of hourly concurrent emission rates 1.46
percent of time. (Table 5 in exhibit 33.)

c. EPA’s approach for modeling emission rate changes of sources couples the 90th

percentile current-period rate to a surrogate 90th percentile of PSD baseline
rate.38  For example, EPA calculates the emission rate change for a source as
equal to Ratio times (AVEcpr minus AVEpbr), where Ratio is the 90th percentile
of 24-hour averaged rates (over 365 or 366 days) divided by AVEcpr, AVEcpr is
the average current period emission rate and AVEpbr is the average PSD
baseline emission rate.  When AVEcpr and AVEpbr are emissions per operating
hour as used by the State, then Ratio becomes 1.31 for the Heskett Station, 1.18
for the Leland Olds Station, 1.15 for the M.R.Young Station, 1.18 for the Coal
Creek Station, 1.19 for the Coyote Station, 1.05 for the Antelope Valley Station
and 1.23 for GRE’s Stanton Station. (Table 3 in exhibit 33.) 

Paragraph 28, pages 13 and 14:  Enforceable short-term emission limits for permits can and
should be continued.  There is no conflict between expressions of allowable maximum short-
term limits in permits under NSR and the Department’s protocol for PSD increment review. 
The State has not suggested at any time preceding the hearing, nor in any exhibit in the hearing



D
  R
  A
    F
     T

41

docket, that the three-hour maximum sulfur dioxide emission limit in each existing Permit to
Operate for major sources be replaced with an average emission rate.

Paragraph 30, pages 14 and 15:  The statement “[s]hort-term increments are there to protect
against short-term fluctuations in emissions” seems inconsistent with exposure paradigms. 
Presumably, short-term increments are intended to trigger assessments by FLMs of short-term
effects on AQRVs. (For example, NDAC 33-15-15-01.4(f,g,h,i&j)).  However, the second
sentence of paragraph 28 compounds the confusion.  Nevertheless, DOI’s FLMs have not
demonstrated that the vegetation, soils or water can be adversely impacted by a single short-
term exposure event at the place of a single model receptor.

Paragraph 34, page 16:  The Calpuff model does not post process concentration data “... to
determine the high second-high 24-hour average concentration at each [model] receptor for
each year of [weather] data.” (words added)  Rather, other software are used as revealed in
exhibit 6.

Paragraph 35, page 16:  EPA states: “An illustration of EPA’s increment modeling
methodology is shown in Figure 4  ...  This method is consistent with the manner in which both
modeled and monitored total SO2 concentrations are reviewed to determine compliance with the
NAAQS.”  Because EPA’s modeling method (exhibit 8) provides predicted changes in ambient
concentrations (or “increment concentration” as in its figure 4) due to changes in major-source
emission rates, this method does not provide total day-to-day concentrations at PSD’s baseline
nor does it provide total day-to-day sulfur dioxide concentrations due to current period
emissions that can be used to determine compliance with the NAAQS.  Therefore, EPA cannot
compute and graph the sum of each day-to-day concentration at PSD’s baseline and the PSD
Class I 24-hour increment of 5 ug/m3.

Paragraph 35, page 17:  The State’s approach did not allow it “... to pick one unrepresentative
data point ... to represent the baseline concentration for the entire year.”  The averaged time-
blocked concentration for each sequential time block is not assigned to any particular model
receptor.  In the future, the average will be based upon a refined Cartesian grid of receptors. 
The State did add the PSD Class I 24-hour increment of 5 ug/m3 to the second highest of 365
(or 366 for leap years) daily averaged PSD Class-I receptor-area model predicted
concentrations.  (See also State’s comments on paragraph 39 and the discussion that follows.)

Paragraphs 34 and 35, pages 16 and 17:  The State’s MAAL approach does not inflate the
baseline concentration for the PSD Class I area.  This approach does allow deterioration of
ambient sulfur dioxide concentrations in amounts greater than 5 ug/m3 during 363 (leap years,
364) days of the year (based upon 1990 weather data, etc.). (For example, figure 4-1 in exhibit
6.)  In contrast, EPA’s historical method does not determine the baseline concentration, nor
does it determine expected, current-period concentrations.  Under that historical method, the
DOI’s FLMs cannot be assured that predicted changes in ambient concentrations are
representative of the total (a.k.a cumulative) concentrations to which AQRVs might be
exposed.  Furthermore, a statistical characterization (such as frequency, duration and
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magnitude) of the expected cumulative ambient concentrations due to current period emissions
is impossible because the inventory of current period emissions was not modeled.  Yet, it’s the
duty of DOI’s FLMs to ascertain whether expected, cumulative ambient concentrations might
have adverse impacts on AQRVs. (Paragraph 25 on page 12.) 

Paragraphs 34, 35, 36 and 37, pages 16, 17 and 18:  Because the Calpuff’s predicted
concentrations are not reasonably correlated temporally with measured concentrations,
modeling of increment-affecting emissions as in EPA’s protocol so as to compare predicted
changes in the ambient 24-hour concentration each day at each model receptor to the PSD Class
I 24-hour increment is without scientific foundation and, therefore, flawed.  The State’s MAAL
approach for determining PSD increment attainment is compatible with the State’s Calpuff
model performance assessment, which EPA endorsed. (Paragraph 72.)  In that performance
assessment, the model’s predicted highest block averaged concentration is compared to the
block averaged highest measured concentration – similarly for the second highest, the third
highest, etc.  Comparison of (1) the daily averaged PSD Class-I receptor-area ambient
concentration due to the current-period inventory of emissions to (2) the second highest of daily
averaged PSD Class-I receptor-area ambient concentrations as the baseline concentration due to
the PSD baseline inventory of emissions is compatible with the model’s demonstrated
performance.  Furthermore, sources of sulfur dioxide emissions in the two time line inventories
have changed – some retired and some were constructed.  When a current-period concentration
at (1) exceeds the baseline concentration at (2) by 5 ug/m3 (PSD 24-hour sulfur dioxide
increment), an exceedance occurs.

Paragraph 36, pages 17 and 18:  The State’s approach does not disregard variability in predicted
concentrations due to changes in weather conditions.  The use of the same weather data (1990,
etc.) and other model inputs when modeling each emission inventory makes comparisons of
statistical characterizations of air quality improvement or deterioration feasible.  For example,
statistics, such as the highest, the second highest, the mean, the mode, etc., can be obtained
from a frequency distribution of concentrations. 

Paragraph 36, pages 17 and 18, and figure 5:  The State has not proposed a Class I increment;
the PSD increment is set by the CAA.  The State’s method does set a deterioration threshold for
sulfur dioxide concentrations due to current-period emissions that is the second highest of daily
concentrations determined from modeling of the baseline inventory of sulfur dioxide emissions
plus 5 ug/m3.  Illustrations of the State’s application of the MAAL are figures 4-1 and 4-2 in
exhibit 6. 

Figure 4, page 36:  EPA’s approach has an unspecified concentration at PSD baseline for each
sequential time block for each receptor.  The baseline source contributions – due to non-
increment-affecting emissions – to ambient concentrations at PSD baseline are not determined
and shown.  Total ambient concentrations of minor and major baseline sources ranges from 0 to
nearly 10 ug/m3 (receptor network average) as shown on figure 4-1 of exhibit 6.
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Paragraph 37, page 18:  EPA has not provided a graphical or statistical demonstration that its
statement “Had receptor averaging not been used [by the State] at these receptors, the baseline
concentrations and the State’s calculated PSD increment level would have varied significantly
from receptor to receptor” is true. (words inserted)  This statement contradicts the statement
that “PSD regulations also require that baseline concentration be determined by establishing the
ambient concentration level which exists in the baseline area ...” (Paragraph 43 on page 20.) 
EPA seems to freely substitute the words ‘baseline concentrations’ for the words
‘concentrations at PSD baseline’.  In the State’s method, a “baseline concentration” is
determined for the year for the Class I area. (For example, figure 4-2 in exhibit 6, see also the
State’s comment on paragraph 18.) 

Paragraph 38, page 18:  The statement “... there is insufficient historical information on many
of the sources in the State’s inventory to reliably determine baseline concentration,” if accepted
as true, applies to EPA’s approach, since that approach also requires determining emission rates
of major sources at PSD’s baseline.  EPA’s method, which determines and then models
increment-affecting emission rates, does not circumvent the uncertainty in emission rates at
PSD’s baseline for major sources.  Furthermore, the statement “[t]he reliability of emissions
data from the 1970s is less of an issue in the traditional approach for tracking increment
because the PSD increment level is not dependent on the modeled baseline concentrations”
ignores an assumption inherent in EPA’s approach.  EPA assumes that its modeling produces
the same result in predicted changes in sequential time-blocked ambient sulfur dioxide
concentrations at the model’s receptors in PSD Class I areas as would calculating changes using
the results of modeling of baseline and current-period source emission inventories. 

Paragraph 38, page 18:  The “baseline concentration” used in the State’s MAAL method does
rely on stack parameters and emissions information during PSD’s baseline period.   But the
uncertainty in the results of modeling to calculate baseline concentrations is reduced when
stack parameters and emissions information are reasonable if not factual.  EPA’s approach also
relies on emissions information during the base-year period. (For example, tables 3-2 and 3-4 in
exhibit 8.)  Apparently, EPA’s approach assumes that stack parameters that apply to current-
period emissions of sulfur dioxide also apply to baseline emissions. (Exhibit 8.)

Paragraph 39, pages 18 and 19:  Contrary to its statement on page 42 in exhibit 6, the State did
not use receptor averaging so as to derive uniform predictions over each Class I area. 
Furthermore, the State did not consolidate model receptors to only six receptors, nor did it use
only one average receptor, nor did it use a single receptor to represent each PSD Class I area
(Elkhorn Ranch the exception).  If the average concentration for the model’s receptor network
(or grid) during a time block is equivalent to the concentration at one of those receptors during
that time block, the happening is a coincidence.  Only a few of the “original 49 receptors” were
spaced at 5 kilometer intervals – many were placed on the perimeters of PSD Class I areas. 
(See also related discussion provided above and below.)

Paragraph 40, page 19:  The State’s MAAL method does not facilitate inclusion or exclusion of
one or more model receptors so as to intentionally bias model receptor-network averages.  The
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State’s receptor networks as used in exhibits 6 and 7 and by EPA in exhibit 8 are the same
networks as used by the State in a 1999 modeling exercise to which EPA refers in paragraph 3 –
no receptors were added or deleted.  Apparently, EPA has overlooked that – prior to 1999 –
receptors were added to points of high terrain in several PSD Class I areas so as to capture the
worst-case changes in ambient pollutant concentrations.  The issue is not whether averaging 
“... effectively reduce[s] the maximum predicted concentration in each Class I area, ...” but
rather the appropriate method for calculation of ambient sulfur dioxide deterioration or
improvement subsequent to PSD baseline.  (See also related discussion provided above and
below.)

Paragraphs 37, 39 and 40, pages 18 and 19:  The State could have used the MAAL in an
alternative way.   

a. One alternative would have been to (i) first determine the second highest of the
sequential time-blocked (e.g., 24-hour) averaged concentrations at each model
receptor due to baseline emissions and (ii) then subtract that number from all
sequential time-blocked averaged concentrations at that receptor due to current
emissions (as effectively done for the Elkhorn Ranch area, since only one model
receptor was used).  When a current-period concentration at a receptor at (ii)
exceeds the second-highest concentration at (i) by 5 ug/m3 (the PSD 24-hour
sulfur dioxide increment), an exceedance occurs at that model receptor.  But this
alternative does not satisfy the definition for “baseline concentration,” which is
the ambient concentration that exists in the baseline area at PSD baseline.

b. Another alternative would have been to (i) first determine the highest of second -
highest concentrations from among all model receptors and all sequential time
blocks due PSD baseline emissions and (ii) then subtract that number from all
sequential time-blocked averaged concentrations at each receptor due to current
emissions.  When a current-period concentration at a receptor at step (ii) exceeds
the baseline concentration as the highest of second-highest concentrations at step
(i) by 5 ug/m3, an exceedance occurs at that receptor.  This alternative satisfies
the definition for “baseline concentration.” 

Paragraph 42, page 20:  The State did calculate actual emissions around the PSD minor-source
baseline date “... using the [electrical generating] unit’s actual operating hours, production
rates, and types of materials processed ...”  (Words added, see also State’s comments on
paragraph 27 and the discussion that follows.)

Paragraph 45, page 21:  the State concurs with the statement “[t]he program would have no
meaning if source emissions were calculated randomly over a period of years ...” and notes that
the state did not randomly choose the two years that represent normal baseline operations of
major baseline sources.  (See State’s exhibit 4 and discussion that follows.)
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Paragraphs 43 and 44 on pages 20 and 21 and paragraphs 53 and 54 on pages 23 and 24:  EPA
omits these sentences from the federal register, which precede and follow its quote: “An actual
emissions policy, however, does allow air quality impacts due to production rate increases to
sometimes be considered as part of the baseline concentration  ...  EPA thus believes that
sufficient flexibility exists within the definition of actual emissions to allow any reasonably
anticipated increases or decreases genuinely reflecting normal source operation to be included
in the baseline concentration. (emphasis added)  Column two on page 52718, FR 45 states:
“The two-year period of concern should generally be the two years preceding the date as of
which increment consumption is being calculated, provided that the two-year period is
representative of normal source operation.  The reviewing authority has discretion to use
another two-year period, if the authority determines that some other period of time is more
typical of normal operation than the two years preceding the date of concern.” (emphasis
added)  It seems that EPA’s 1980 PSD Preamble does not restrict reviewing authority discretion
to catastrophic occurrences such as strikes, retooling and major industrial accidents. 

Paragraph 53, page 23 (also applies to paragraphs 48 through 52 on pages 22 and 23:  The State
did not include “... any production increases anticipated at the time of the baseline date[,]” as
anticipated production could be analogous to continuous and full utilization of nominal boiler
capacities of the electricity generating plants. (Exhibit 33, table 1.)  For example, the State did
not use permit-allowed emission rates. (Id., table 3.)  Rather, the State chose the two years from
among years 1975 through 1980 during which these plants achieved the greatest utilization of
plant capacity based upon heat input.  In these plants, heat is converted to electricity; therefore,
heat input is an indicator of utilization of the plant’s design capacity to produce and market
power.  All baseline power plants, except the Milton R. Young Unit 2, did operate at heat input
rates that were greater than 70 percent of design capacity at least one year during that six-year
period.  The State’s approach embraces a consistent plant-to-plant selection of the two-year
period among those six years that most closely represents normal operations.  Following these
precepts, EPA notes that, in 1978 and 1979, the Stanton plant was “... adjusting its operations to
optimize efficient power production.” (Paragraph 52, see also State’s comments on paragraph
27 regarding the rule definition of “actual emissions” and on paragraphs 43 and 44.)

Paragraph 56, page 24 and table 2:  The sulfur content (percent by weight) in coal ranges from
about 0.4 to about 1.3 percent: the content is rarely less than 0.4 and occasionally greater than
1.3 percent.  Statistical distributions of sulfur content likely are skewed with the median less
than the mean – highest concentrations bias the mean.  Annual lowest and highest sulfur
content, as well as the average content, were provided by power plant operators on required
annual emissions inventory reports; data from which the means were calculated are not
available.  No changes are known to have occurred in methods used to determine sulfur content. 
The annual average sulfur content in feed coal apparently trends higher from 1974 to 2001 for
all PSD baseline plants, except the Heskett Station, which trends higher from 1974 through
1994 and thereafter trends lower.  (Actual statistical regressions were not determined.) (Exhibit
4.) 
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Paragraph 56, page 24 as well as table 2:  The State did use an average of the sulfur content in
feedstock coal over the life of the mine in use at and following the PSD minor-source baseline
date. (Exhibit 4.)  Plant operators had access to limited data that provided concentrations (by
weight) of sulfur in the coal resource at the time of plant initial start up, and that data provided
some information as to the variability of the sulfur in the coal resource.  The State considered,
but did not thoroughly review, the mining plans that were initially developed for achieving the
coal input requirements to operate boilers over the life of the plant; in addition, the State found
no evidence that mining plans or subsequent plant operations were primarily based upon coal
sulfur content.

Paragraph 57, page 24:  The State has obtained some sodium oxide in ash concentration data.  
The 30S factor in AP-42 assumes that 25 percent of the sulfur in coal is scrubbed by the sodium
oxide.  Apparently, the 30S factor applies over a wide range of sodium oxide concentrations –
from 2 to 8 percent.  The regression between sodium in ash, the sulfur in coal and the stack-
exhausted sulfur dioxide that may apply to data on which the 30 in 30S was derived is not
known.  A valid regression requires a strong correlation between the sodium oxide and the
sulfur dioxide emitted; apparently such a correlation does not exist as evident by the wide range
of sodium oxide concentrations to which AP-42's 30S applies. 

Paragraph 46 on pages 21 and 22 and paragraphs 58 through 60 on pages 25 and 26:  The State
is examining additional information since its 6 May 2002, hearing that may improve the minor-
source emissions inventory around PSD’s baseline.  As EPA noted in paragraphs 17 through 19,
ambient sulfur dioxide concentrations monitored in the Theodore Roosevelt National Park-
North Unit have decreased in the years following 1982.
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 Figure 1.  Options for representing sulfur dioxide emissions as input to the Calpuff model. 

Source Cluster Category Data Source Rate Attribute

PSD New Source Review engineered potential to emit max. short-term (lb/hr) time constant

Major PSD sources:
    Operating at date of concern CEMS > EPA’s 90th %ile (lb/hr) time constant

    “      > annual ave (lb/op.hr) time constant
    “      > hour to hour (lb/hr) time variable

  
    Operating at minor-source baseline date NA (no emissions) NA (no emissions) NA (no emissions)

Major baseline sources:
    Operating at date of concern,  and CEMS > EPA’s 90th percentile time constant

    “      > annual ave (lb/op.hr) time constant
    “      > hour to hour time variable

    Also at minor-source baseline date an. emis. inventory reports  EPA’s 90th %tile (lb/hr) time constant
annual ave (lb/op.hr) time constant

    Retired after ms baseline date an. emis. inventory reports annual ave (lb/op.hr) time constant

Oil and Gas:
    PSD (op. after baseline date) oil & gas production reports annual ave (lb/hr) time constant
    Op. before baseline date oil & gas production reports annual ave (lb/hr) time constant
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Figure 2.  Historical representation of sulfur dioxide emissions in air quality effects
assessments (AQEAs) for PSD Class I areas.

   Source Category                Inclusion in AQEA                            

   PSD New Source Review from 1978 (AVS units 1 & 2) 1

   PSD Sources see associated figure 3

   Baseline Sources

retired at baseline date from 1999 (draft Minnkota analysis) 2

at date of concern  | 
         > | for 1999 (draft Minnkota analysis) 3, *

at baseline date      |

   Oil & gas wells

at date of concern 4 from 1992 (DGC’s amended permit)

at baseline date 4 for 2001-2002 increment compliance
assessment

   1 Emissions represented as the time-constant, maximum short-term (three-hour)
potential-to-emit rate.

   2 Emissions expressed as the time-constant, annual average rate based upon source
emission inventory reports.

   3 Emissions at date of concern and at baseline date represented as the time-constant
difference between permit allowed 3-hr rolling average emission rate and potential peak
emission rate at the baseline date based upon maximum short-term coal-feed rate and
maximum coal sulfur.   * However, source netting was applied at GRE’s Stanton Unit 1
when Unit 10 was permitted so that both units did not exceed Unit-1's 24-hr baseline
emission rate calculated as 4,416 lb/hr.

   4 Emissions expressed as an annual average rate.
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Figure 3.  Alternative representations of the sulfur dioxide emissions of PSD coal-
fired electrical generating plants and other major sources to determine effects on
ambient air quality.

  Model Input Options

  1.  maximum short-term emission rate *
(time-constant rate)

  2.  90th percentile of 24-hour averaged actual emission rate ++
(time-constant rate)

  3. average actual emission rate during operating hours **
(time-constant rate)  

 
  4. actual hour-by-hour emission rate ##

(time-variable rate)

* From 1977, basis for assessing Class I area impacts in PSD-NSR and in cumulative
effects of other PSD increment-affecting source permit-allowed emissions; also basis for
previous DOI FLM no adverse impact certifications.  Represents potential worst-case
emission of each PSD source, which was constructed after minor-source baseline date.

++  EPA’s y-2001 alternative to 1, 3 and 4 as representing the worst-case actual emissions
of the source, since sources do not concurrently emit at maximum potential emissions (i.e.,
# 1) as demonstrable by actual emissions (i.e., # 4).

** Requirement of rule and regulation per assistant attorney general’s legal research. 

##  Best fit for assessing exposures of AQRVs, including visibility impairment and
regional haze, because actual hourly rates relate not only to magnitudes of exposure, but
also to duration and frequencies of exposure events.
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Figure 4.   Contributions to PSD Class I area sulfur dioxide concentrations.

Year _____ Categorical source contributions to 
3-hr ___  or 24-hr ___  averaging period Class I area receptor-network averaged concentrations

(ug / m3)
Emission rate inputs Attri- Elkhorn Lostwood

butes South Unit Unit North Unit WA

2nd high concentration from current
sources:

cc1 cc cc cc

   PSD sources 2, 5 cc1x cc cc cc
   Other major sources 2, 5 cc1y cc cc cc
   Oil & gas production wells 2, 5 cc1z cc cc cc

Baseline concentration plus increment bci -SU bci bci bci

Baseline concentration from baseline
sources:

cc2 cc cc cc

    Major sources 2, 5 cc2x cc cc cc
   Oil & gas production wells 2, 5 cc2y cc cc cc

Attribute key: Use example: cc2 is the sum of cc2x plus cc2y.  bci-SU is the
sum of cc2 and the respective PSD increment.  cc1 is the sum
of cc1x and cc1y and cc1z.  Any cc1 greater than bci-SU is an
exceedance.
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Actual Heat Input Trends for CFEGUs
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Figure 5.
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Actual Heat Input Trends for CFEGUs
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Actual Heat Input Trends for CFEGUs
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  Table 1.

  Eighteen highest 24-hour average ambient sulfur dioxide concentrations
   for years 2000 and 1990, including Julian days of occurrence.

  Year 2000   
Rank            TRNP-SU            Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 3.7 9.7 46 7.8 20.4 350 11.6 30.4 31
2 3.6 9.4 44 7.5 19.7 348 11.2 29.3 71
3 2.8 7.3 350 6.2 16.2 238 10.5 27.5 208
4 2.5 6.6 349 4.5 11.8 43 10.2 26.7 234
5 2.3 6.0 237 4.0 10.5 11 8.3 21.7 260
6 2.3 6.0 54 3.9 10.2 65 8.0 21.0 195
7 2.2 5.8 11 3.9 10.2 349 7.6 19.9 228
8 2.2 5.8 106 3.7 9.7 184 7.3 19.1 217
9 2.1 5.5 43 3.4 8.9 106 7.0 18.3 194

10 2.1 5.5 238 3.4 8.9 31 6.9 18.1 69
11 2.0 5.2 358 3.3 8.6 358 6.3 16.5 43
12 2.0 5.2 214 3.2 8.4 76 6.1 16.0 147
13 2.0 5.2 47 3.2 8.4 247 6.1 16.0 104
14 1.8 4.7 257 3.0 7.9 214 6.1 16.0 237
15 1.8 4.7 355 3.0 7.9 45 5.9 15.5 187
16 1.8 4.7 19 2.9 7.6 244 5.5 14.4 41
17 1.8 4.7 104 2.7 7.1 359 5.4 14.1 161
18 1.8 4.7 331 2.6 6.8 12 5.3 13.9 222

  Year 1990
Rank            TRNP-NU            TRNP-SU            Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 4.8 12.6 329 5.5 14.4 47 5.0 13.1 336 10.7 28.0 64
2 3.7 9.7 345 3.3 8.6 90 4.0 10.5 222 9.4 24.6 149
3 3.6 9.4 31 2.2 5.8 31 3.8 10.0 231 9.3 24.4 138
4 3.4 8.9 190 2.0 5.2 46 3.6 9.4 237 8.7 22.8 47
5 3.2 8.4 69 1.6 4.2 48 3.6 9.4 47 8.4 22.0 32
6 3.2 8.4 143 1.5 3.9 5 3.5 9.2 63 7.5 19.7 65
7 3.1 8.1 330 1.5 3.9 74 3.5 9.2 166 7.3 19.1 30
8 2.7 7.1 222 1.5 3.9 79 3.0 7.9 143 6.8 17.8 90
9 2.6 6.8 47 3.0 7.9 87 6.0 15.7 147

10 2.6 6.8 315 3.0 7.9 238 5.8 15.2 48
11 2.5 6.6 360 2.9 7.6 329 5.5 14.4 139
12 2.3 6.0 11 2.8 7.3 46 5.5 14.4 63
13 2.3 6.0 30 2.7 7.1 122 5.4 14.1 66
14 2.2 5.8 74 2.3 6.0 178 4.9 12.8 87
15 2.2 5.8 46 2.2 5.8 205 4.5 11.8 168
16 2.1 5.5 92 2.1 5.5 177 4.1 10.7 167
17 2.1 5.5 344 2.0 5.2 221 4.0 10.5 161
18 2.0 5.2 122 1.8 4.7 318 4.0 10.5 49
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   Table 2.

  Eighteen highest 24-hour average ambient sulfur dioxide concentrations
  for years 1991 and 1992, including Julian days of occurrence.

   Year 1991
Rank             TRNP-NU            Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 6.4 16.8 318 6.2 16.2 328 9.2 24.1 328
2 4.8 12.6 41 3.6 9.4 238 8.7 22.8 79
3 4.2 11.0 328 3.1 8.1 61 8.7 22.8 234
4 3.8 10.0 61 2.8 7.3 259 8.5 22.3 92
5 3.7 9.7 60 2.3 6.0 235 8.1 21.2 70
6 3.5 9.2 9 2.3 6.0 80 7.8 20.4 43
7 2.9 7.6 45 2.3 6.0 242 7.3 19.1 122
8 2.5 6.6 109 2.1 5.5 41 7.2 18.9 83
9 2.4 6.3 250 2.1 5.5 213 7.1 18.6 91

10 2.4 6.3 242 2.1 5.5 237 6.9 18.1 201
11 2.3 6.0 332 2.0 5.2 137 6.9 18.1 250
12 2.2 5.8 127 1.9 5.0 65 6.3 16.5 138
13 2.2 5.8 262 1.9 5.0 45 6.3 16.5 212
14 2.1 5.5 8 1.9 5.0 234 6.2 16.2 238
15 2.0 5.2 179 1.9 5.0 250 6.1 16.0 207
16 2.0 5.2 48 1.8 4.7 20 6.0 15.7 154
17 1.9 5.0 213 1.7 4.5 79 6.0 15.7 219
18 1.8 4.7 331 1.7 4.5 165 6.0 15.7 290

   Year 1992
Rank             TRNP-NU            Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 4.1 10.7 62 7.7 20.2 364 13.6 35.6 192

2 4.0 10.5 364 4.4 11.5 136 12.2 32.0 92
3 3.9 10.2 42 4.0 10.5 62 11.7 30.7 193

4 3.6 9.4 6 3.4 8.9 94 10.8 28.3 244
5 3.5 9.2 248 3.3 8.6 341 10.8 28.3 6
6 3.5 9.2 267 3.3 8.6 6 9.6 25.2 100
7 3.1 8.1 366 3.0 7.9 52 9.6 25.2 347
8 3.0 7.9 292 3.0 7.9 101 9.0 23.6 217
9 2.6 6.8 41 3.0 7.9 342 8.3 21.7 25

10 2.5 6.6 280 2.9 7.6 80 8.2 21.5 341
11 2.5 6.6 256 2.8 7.3 310 8.1 21.2 310
12 2.4 6.3 44 2.6 6.8 269 7.8 20.4 248
13 2.3 6.0 203 2.6 6.8 280 7.5 19.7 230
14 2.2 5.8 64 2.5 6.6 186 7.4 19.4 186
15 2.2 5.8 363 2.3 6.0 167 7.4 19.4 152
16 2.1 5.5 27 2.3 6.0 248 6.8 17.8 128
17 2.0 5.2 20 2.1 5.5 44 6.8 17.8 44
18 2.0 5.2 24 2.1 5.5 166 6.5 17.0 165
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   Table 3.

   Eighteen highest 24-hour average ambient sulfur dioxide concentrations
   for years 1993 and 1994, including Julian days of occurrence.

   Year 1993
Rank            TRNP-NU            Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 7.1 18.6 51 6.0 15.7 51 10.5 27.5 97

2 4.9 12.8 8 5.3 13.9 8 10.2 26.7 168
3 4.3 11.3 222 4.7 12.3 193 10.0 26.2 348

4 3.9 10.2 360 4.4 11.5 360 9.5 24.9 333
5 3.6 9.4 29 4.3 11.3 36 9.1 23.8 41
6 2.8 7.3 344 3.8 10.0 121 9.0 23.6 38
7 2.7 7.1 9 3.6 9.4 38 9.0 23.6 152
8 2.6 6.8 223 3.5 9.2 154 8.7 22.8 86
9 2.6 6.8 14 3.1 8.1 42 8.7 22.8 280

10 2.6 6.8 22 3.0 7.9 348 8.6 22.5 268
11 2.5 6.6 42 3.0 7.9 169 8.5 22.3 14
12 2.5 6.6 361 2.9 7.6 115 8.4 22.0 178
13 2.4 6.3 350 2.8 7.3 361 8.2 21.5 36
14 2.3 6.0 351 2.5 6.6 188 7.9 20.7 277
15 2.3 6.0 158 2.4 6.3 350 7.4 19.4 8
16 2.2 5.8 179 2.3 6.0 178 7.3 19.1 273
17 2.0 5.2 55 2.3 6.0 359 7.3 19.1 196
18 2.0 5.2 178 2.3 6.0 85 7.0 18.3 365

   Year 1994
Rank             TRNP-NU               Dunn Center             Hannover

# ppb ug/m3 J. Day ppb ug/m3 J. Day ppb ug/m3 J. Day
1 7.8 20.4 24 6.6 17.3 23 10.5 27.5 117

2 7.5 19.7 52 5.5 14.4 59 9.0 23.6 340
3 6.3 16.5 273 5.5 14.4 273 8.9 23.3 135

4 6.1 16.0 271 4.7 12.3 38 8.9 23.3 238
5 5.8 15.2 29 4.3 11.3 4 8.3 21.7 143
6 5.6 14.7 53 4.1 10.7 329 7.1 18.6 177
7 5.4 14.1 313 4.0 10.5 9 7.0 18.3 263
8 4.6 12.1 340 4.0 10.5 8 7.0 18.3 344
9 4.2 11.0 4 4.0 10.5 125 6.9 18.1 315

10 4.0 10.5 23 3.9 10.2 29 6.9 18.1 226
11 3.5 9.2 329 3.9 10.2 96 6.5 17.0 94
12 3.5 9.2 332 3.8 10.0 339 6.4 16.8 170
13 3.3 8.6 314 3.7 9.7 52 6.1 16.0 257
14 3.2 8.4 5 3.6 9.4 277 6.0 15.7 115
15 3.2 8.4 8 3.5 9.2 53 6.0 15.7 362
16 3.1 8.1 220 3.4 8.9 39 5.9 15.5 185
17 3.0 7.9 7 3.2 8.4 332 5.8 15.2 50
18 2.7 7.1 22 3.2 8.4 256 5.8 15.2 136
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